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In the present edition I have neither altered 
the arrangement, nor added to the matter of 
this work ; having done all that I thought 
necessary in those respects in the former 
edition, — ^The different Societies which were 
fbrmed in London about forty years ago^ 
and whose defective plans are so justly ex- 
posed and condemned in the first Volume^ 
have, with very few exceptions, sunk into 
insignificance or ruin; and the account of 
them is no further interesting than as it con* 
stitutes an original part of this work, and 
may perhaps serve to prevent the formation 
of similar Societies in future. — ^The great 
success and flourishing state of the Equitable 
Society have led to the establishment of 
numerous other offices for making assurances 
on lives and survivorships ; — ^in all of which 
the tables of that Society have been adopted 

with 
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with little or no variation : — But in most of 
those offices the profits, instead of being 
equally divided, as in the Equitable Society, 
among the assured, are to be distributed 
exclusively among the assurers^ in propor- 
tion to the sums which they have subscribed 
towards forming the capital of the company. 
I am sorr3% however, to observe, that I 
know of no society or company of this kind 
whose plan is altogether unexceptionable. — 
The original constitution of the Equitable 
Society was formed on principles which 
must long ago have produced its ruin, had 
it not been timely checked and improved by 
the prudent forbearance and discretion of 
succeeding members. By the measures taken 
to guard against the improvident distribution 
of its stock, and, as far as circumstances will 
admit, to make every person to participate 
in proportion to his interest in such part of 
the surplus as may be safely alienated from 
its capital, this Society cannot well be made 
more secure, or rendered a greater benefit to 
the public. — But it should be remembered 
(aild it behoves the new Assurance Com- 
panit' to bear it particularly in mind) that 
the premiums of this Society were originally 
twice as high as they are at this time — tha 
they had existed 20 years before those pre 
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inituns were in the least reduced, and above 
80 years before they were reduced to their 
present amount — that the greater part of 
their assurances at first were for short terms 
(which for many reasons arc by far the most 
profitable) — that their expenditure was very 
inconsiderable — and that they had accumu- 
lated, in proportion to the sums assured, i 
large surplus before they ventured upon the 
slightest diminution of it. In the com- 
mencement of a Society the probabilities of 
life, when compared with thwsc in the tables 
of observations, will always be found much 
higher than in the more advanced state of it j 
for at this early period the lives having been, 
just selected on account of their healthiness, 
while in the tables those of every description 
are included, it will happen of course that 
fewer die at first than the tables suppose. 
But this diflference in favour of the Society 
must not be expected to continue always in 
the same degree, but rather to be perpetually 
lessening as the lives become older, and ia 
consequence enjoy more nearly the same 
state of health as mankind in general at their 
respective ages. — ^This has been particularly 
the case in the Equitable Society, where it .is 
found from long experience, that the proba- 
bilities approach nearer to those in the table, 

as 
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as the lires become more advanced, till in 
old age they are reduced almost to an equar 
lity.— Should any Society, therefore, in the 
first years of its existence, presuming on the 
higher probabilities of life among its mem- 
bers, be led to reduce its premiums or in an 
undue degree to divide its profits ; exclusive 
of the folly of adopting any such measures in 
this early period, it will, by raising false 
hopes and alienating that part of its capital 
which ought to have been sufiered to accu- 
mulate for many years, be laying the foun- 
dation of future disappointment and ruin. 

The motives which lead to the establish- 
ment of these companies arising generally 
from private interest rather than from any 
desire of benefiting the public, the hope of 
increasing the present value of their property 
will always be in danger of inciting them to 
apremature division of their capital; especially 
when encouraged by this fallacious appear- 
ance of success during the earlier part of 
their existence. — When Dr. Price first wrote 
on the subject of Life-assurances, it was in 
general so little understood, that the appli- 
cation of the Equitable Society about that 
time for a Charter, was rejected by our I^w- 
officers, on the ground that their premiums 
were insufficient, although they were nearly 

twice 



twice as high as they are at presient. — It is 
to this work» and to the great success of the 
Equitable Society, ii5 consequence of the ad- 
tice and assistance of the Author at its com« 
mencement, that the public are indebted for 
their information, and (provided the differ- 
ent companies lately established should be 
conducted with skill and discretion) for the 
important benefits arising from the more 
extended practice of Life-assurance. 

Although this work, when first published^ 
was not intended to be a complete treatise 
on the Doctrine of Annuities and Reversions, 
it contains, however, amidst a vast variety of 
other important matter, the solutions of most 
of the cases in which one or two lives are 
concerned; which are rendered the more 
valuable from their application to the diSer*- 
ent Societies which had then been established 
for the benefit of Age and Widows. — ^The 
many tables also which it contains of the 
probabilities of human life, deduced from 
real obsen^ations, form an invaluable addi- 
tion to this work ; for by their assistance ac- 
curate solutions are now given instead of 
those approximations foi^i^d^ on an errone- 
ous hypothesis, which in many cases were so 
incorrect as to be altogether unfit for use. — 
To Dr. Halley, Mr, De Moivre, and Mr. 
2 - Thomas 
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Thomas Simpson, and particularly lo the 
latter, we owe the first rudiments and im* 
provements of this science But for the 
more accurate knowledge of it we are in- 
debted to Dr. Price ; and though he has not 
extended his investigations to the more com* 
plicated cases of three lives, he has laid a 
sure foun'lation for them by those tables 
which he has constructed, and which in the 
earlier and later stages of life had been ill* 
supplied by the hypothesis of Mr. De 
Moivre. I have long intended to avail my- 
self of those tables, and to complete what 
Dr. Price unfortunately has left undone ; nor 
have I yet given up my intention, but hope, 
should my life be prolonged and my health 
permit, to accomplish an object, which ap- 
pears to me to be not only interesting, but 
to this country useful and important in the 
highest degree.* 

llie enumerations, which, within the last 
12 vcars, have been twice undertaken of the 
inhabitants of Great Britain, appear to have 

* I have already given correct solutions of most, if not 
all of the cases in whicli two and three lives are involved in 
the computation ; whit li have been published in the Philo«- 
sophical IVansactions, and also inserted in this Work. 
But they are given in an Algebraical form, and by no 
means fitted for an elementary, or popular treatise on the 
fubject* 
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made their number much greater than Dr. 
ftice had supposed. They prove, however, 
in the most decisive manner what he has 
laboured to maintain, from so many docu- 
ments, in opposition to most of his op- 
ponents, that the proportion of inhabitants 
to the number of houses is less than six to 
one; and, (had the surveyors of windows 
made correct returns of those houses which 
were exempted on account of poverty,) that 
he had even over-rated the population of the 
kingdom. — ^Had he lived, however, to have 
witnessed the results of those enumerations, 
he would certainly, as a true friend to his 
country, have felt pleasure in finding the 
number of its inhabitants so greatly to have 
exceeded his computations ; but it must have 
been a pleasure mingled with pain and sor^ 
row, when he discovered the source of his 
error, and found that it consisted only in 
relying too much on the inaccurate returns 
of the surveyors, and, in consequence, esti- 
mating the paupers of the kingdom at less 
than half their real number. 

On the subject of the National Debt, 
which so much engaged the attention and 
alarmed the fears of the Author, I have not 
thought it necessary to make any additional 
observations. While the present expendi- 
ture 
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ture continues, and the debt is every year in« 
creasing so tremendously, it can be of little 
use to ascertain its amount at this particular 
period, or to oppose any arguments to the 
folly and extravagance with which it is ac- 
cumulating. When it amounted to 240 
millions. Dr. Price considered the state of 
the nation as hopeless. It now exceeds 
three times that sum, without the prospect 
of its being stayed in its progress, and has 
certainly so far proved his fears to have been 
premature, or rather his ideas of fictitious 
credit to have been much too limited. 

In proposing and recommending the esta- 
blishment of a Sinking Fund, Dr. Price con- 
ceived it to be as impossible that it should 
become the instrument of increasing the 
debt, as that a stoppage of payment at the 
Bank should have produced that effect. — Had 
he, however, survived a few years, lie would 
have had melancholy proofs of the erroneous- 
ness of his opinion. — He would have beheld 
the nation involved still deeper in debt, not 
only by means of the fund which was formed 
for its extinction, but by the very catas- 
trophe whijch he bad so often deprecated as 
the death and destruction of all public credit. 
— ^The resources of the country have indeed 
proved to be far greater than Dr. Price, or 

€vea 
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even his most zealous opposers had ima- 
gined, and consequently have protracted that 
ruin which he anticipated. But they are not 
inexhaustible ; and if the same profusion and 
disregard to all economy in their manage-- 
ment and expenditure be continued, the 
evils which he predicted must ensue; with 
this only difference, that the ruin, by being 
longer delayed, will become more dreadful, 
and add millions to the number of those 
who are involved in distress and misery. 

W. MORGAN. 

London, Sept. 25, 1812. 
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IBeFORE the Reader enters upon tliis Work, it will not 
be improper to give him the following information con- 
cerning it. 

A few years ago, many gentlemen, of the first eminence 
in the law, formed themselves into a Society, for providing 
annuities for the widows of all such persons in judicial 
offices, barristers, civilians, and solicitors, as should chuse 
to become members, A plan was agreed upon and 
printed; but, some doubts happening to arise with re- 
spect to it, the directors resolved to ask the opinion and 
advice of three gentlemen, well known for their skill in 
calcuktion. This occasioned a further reference to me ; 
and the issue was, that the plan lieing found to be in- 
sufficient, the whole design was laid aside. 

About the same time, several other societies were formed 
mth the same views ; but all on plans alike improper and 
insufficient. Finding, therefore, that the public wanted 
information on this subject, I was led to undertake this 
work ; imagining, that it might be soon finished, and that 
all I could say might be brought into a very narrow com- 
pass. But in this I have been much mistaken. A design^ 
which I at first thought would give little trouble, has car- 
ried me &r into a very wide field of inquiry : and en- 
gaged me in many calculations that liave taken up much 
time audi labour. I shall, however, be sufficiently rewarded 
lor my labour^ ihould it prove the neaoi of preventing 

any 
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may part of that distress^ which is likely to be'hereafler pro- 
duced by the societies now subsisting for the benefit of 

widows. 1 have proved the inadequateness of their 

plans, by undeniable &cts and mathematical demonstra- 
tion. — I have, further, given an account of some of the 
best plans, which are consistent with a sufficient proba- 
bility of permanency and success.— ^-Should, therefore, 
any of these societies determine to reform themselves ; or 
ahould any institutions of the same kind be hereafter 
established, they will here find direction and assistance. 

In Question VI. Chap. I. a general method is described 
of finding the values, in single and anmual payments^ of 
all life-annuities which are to begin after a given term of 
years; and, in the 4th Section of the 2d Chapter, the 
plans of the societies for granting such annuities are parti- 
cularly considered, and proved to be extremely deficient. 
• ■ ■ Indfecd, the general dis]X)5ition which has lately shewn 
itself to encourage these societies, is a matter of the most 
serious concern ; and ought, t think, to be taken under 
the notice of the Legislature. The leading persons among 
the present members will be the Jirst aanuitants ; and they 
are sure of being gainers : And the more insufficient the 
f clieme is, on which a society is formed, the greater will 
be the gains of the first annuitants. The same principle^ 
therefore, that has produced and kept up other hubbies^ 
has a tendency to preserve and promote these ; and, for 
ibis reason, it b to be feared, that, in the present case, no 
arguments will be attended with any effect. The con- 
sideration, that ^^ the gain made by some in these societies, 
** will be so much plunder taken from others/' ought im- 
mediately to engage all to withdraw from them, who have 
any regard to justice and humanity ; but experience provesj^ 
ihat this argument, when opposed to private interest, ip 
apt to be too feeble in its influence. 

It cannot be said with precision, how long these societies 
may continue their payments to annuitants, after beginning 
tbem* A cantioutd increase and a great {ooportion of 

jouug 
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foat^ memben^ may support them for a longer time thaa ' 
I <!aii foresee. But the longer they are supported by such 
sneatis, the more misehief they must occasion. — So> a 
tradesman^ who sells cheaper than he buys, may be kept 
up many years by increasing business and credit ; but he 
will be all the while accumulating distress ; and the longer 
be goes on^ the miore extensive ruin he will produce 
at last. 

In the latter end of the first Chapter, I have stated very 
particularly, the method of computing the values of 
cssuraiices on lives and survivorships, in all cases where no 
more than two lives are concerned: And, in the third 
Chapter, I have pmnted out a connderable error, into 
which there is a danger of ftlling in computing some of 
these values. The societies and offices, for transacting 
business in this way, are very useful ; and it is necessary 
that they should go upon the best principles, and possess 
all the information that can be given them. 

But there is no part of this worlc in which the pub^c is 
so much concerned, as the sixth Chapter. It will be there 
proved, that had the sums raised for public services since 
the REVOLimoN, been much greater than they have been^ 
the increase of the public debts to their present state n^ght 
baire been prevented in the easiest manner, and at a 
trifling expence» A method, likewise, of reducing withia 
due bounds these debts, heavy as they now are, will be 
proposed. — All competent judges will, I believe, see, that 
this method being founded on the most perfect improve* 
ment that can be made of money, is the most expeditious 
and eflfectual that the natures of things admit of. Nor, in 
my opinion, if the nation is not yet too near the limit of its 
resources, can^there be any good reason against carrying it 
into executu>n.-— — -It is well known, to what prodigious 
snms, money, improved for some time at compound in* 
tereitj will increase/ A state, if there is no misapplica* 

• Af«iiiqr, •• improred from oar Savi«ar't birtii, ■• to dovlUt ititlf 
VOL. I. b 
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.tion of money, nust iiecessari\y make this improTement 
lOf anyfiavings, which can be applied to the payment of its 
idebtff. It neol never, therefore, be under any difficulties; 
jfimr, with the smallest savings, it may, in as little time as 
its interest can require, pay off the 'largest debts. 

In the^rst Essay I have made many observations on the 
expectations of lives, the pernicious influence of great towns 
on health, and manners, and population; the increase of 
mankind ; and other subjects in die doctrine of Annuities 
and Political Arithmetic.-— --In the second Essay I have 
Btated carefully the proper method of forming Tables of 
the probabilities of human life, from given observations : 
And, at the close of this work, besides several new Tables, 
I have thought it necessary to give Mr. Simpson's Tables of 
the values and expectations of London lives. 1 have 

rf ery 14 yean, or which is nearly iht tame, put out to 5 per ceii/. 
compoand interest at our Sftvioor's birth, would, by this time, (that is, 
in 1773 yaars) have increased to more money than would be con- 
tained in li^O millions of globes, each equal to the earth in magnitude^ 
and aU solid gold. • 

. « This computation is made on the supposition that a cubic inch of 
gold is worth about 35L — But since a cubic inch of water is known to 
areigh 9S4 grains nearly, and the specifick grarities of simdard gold 
^4 i##tcr are to each other as 18,888 to one, it wiU follow that a cubic 
Inch of gold, according to the Mint price of 3L lis, lOyi. per oa. wiU 
•mount to SSL lOs. l^d, and consequently that a penny iroprored at 
compound interest so as to double itself once in 14 years, from the timv 
of our Saviour's birth to the year 1773, would hare accumnlatrd only 
to 107 millions of such ^obes as are mentioned by Dr. FH6S,-^but thb 
is abundantly sufficient to prove the strength of hit argument. — In the 
year 1798, it n nuld hare accumulated on .the above supposition to 874 
■nillions of those globes. 

If instead of supposing money todoublt itself every 14 yean it be 
improved nib per cent, compound interest, the accumulation in 1791 
years will amount only to 144 millions, and in 1773 years to no more 
than 60 millions of globes. The difference therefore between the sup- 
podtlon of money's doubling itself every 14 years and of its being im- 
proved 9i 5 per cent, compound interest, is far from being iocoasidera- 
ble^ especially ia a laag term of years. M. 

also. 
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also^ in the notes at the end of the first Volune^ given the 
Demonstrations of the Answers to the Questions in Chap. I. 
These Demonstrations I have chosen to keep out of sight 
in the body of the work, in order to avoid discouraging 
such readers as may be unacquainted with mathematics. 

Upon the whole. A great part of the work now offered 
to the Public is, I believe, new ; and I am in hopes also, 
that it will be found to contain some improvements in those 
branches of philosophical enquiry, which are the sub- 
jects of it. 
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That fevourable ^ceptJoa of this Work, which has 
occasioned the preseat Edition of it, so ^soon after two 
former editions, is such a proof that it has been of some 
use to the public, as amply rewards me for the attention 
and labour which I have bestowed upon it. In revising it 
6a the present occasion, I have been anxious about im- 
proving it as far as possible. Several additional facts and 
observations have been inserted in difiereht places, parti-^ 
cuU&rly in the First Essay and the Postscript to it. — ^That 
part of the Second Section, Chap. II, which treats of the 
Scotch establishment, has been new composed, and care- 
fully aeconunodated to the more accurate information con- 
cerning it, with which I have been favoured. 

The SupPLEMKNT is an addition which was made to the 
second edition. — ^The observations in it on the present state 
of our population have been a good deal enlarged* — ^This is 
a very serious and important subject. If, indeed, there has 
been that diminution of our people which the evidence t 
have produced seems to shew, it must alarm every one who 
wishes well to his country, and it ought to engage the im- 
mediate and vigorous attention of government. Many 

diflfer from me in this point; and I wish I could find suf- 
fident reison to believe as they do. Several gre^jt manu- 
&cturing towns have, I know, increased ; but these are 
nothing to the vfhole kingdom; and even by their in- 
crease, our population may, on the whole, have lost more 

than 
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than it has gained. — ^In truth ; it would have been strange 
if our numbers had not been dfclii|iM; for I can scarcely 
think of any great cause of depopuliition, which has not 
for the last 80 years been operating among us. 

The prodigious traffic now carried on in Ldfe-annuities, 
and the rage for forming and encouraging Annuity Schemes, 
which has for son^e tioic bt.qojsprea^iog.'tl^oqgh the king- 
dom, has rendered the information which I have meant to 
convey in the following work particularly necessary. And 
I have had the pleasure to observe that it has been attended 
to. Several of the Annuity Societies in London have* 
been dissdved; and there is reason to hope, that those 
which still remain will not be able much loi^r to support 
themselves on their present pbns, in opposition to the 
evidence of demonstration, and. the calls of justice and 
humanity. These BnbbUsj however, are of little con- 
sequence, compared with that grand national bvii*, 
which b the subject of the sixth chapter of this treatise. 
This b an evil on which I trould not imagine, that any such 
efibrts as mine would make any great iftipression. Perhaps, 
indeed, the united efforts- of all the independent part of the 
kingdom would now be too weak to save us from the db- 
tress with which it threatens us. 

Much has been said for some tin^e of a plan mentioned 
in PAiiLiAME>rr, at the end of the last session, for paying 
off the National Debt. This raised some expectatbns ; 
and I will beg leave here to give a brief account of it. 

After providing for all the current servicei,UheFe re- 
mains thb year (1773) a sainng or overplus of if 1,200,000. 
With this sum, and a profit of ^150,000 from a Lottery 
consisting of 60,000 tickets, a iiillion and a half of 
the 8 per cent, annuities, purchased at 90, will be paid 
otf. — When thb was proj^osed to the House of Commons, 
it was at the same time announced, that it would be the 

COMM£NCKMBNT OF A PLAN FOR PAYING OFF THE NA- 
TIONAL d^bt; for^ if no ei^traordinaiy services should 

pall 
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call fer atqrotlKr apflication of the pifl)licjOTpIoBie% the 
tkme payaKnt^nocreased by theinterfeat cf former payments^ 
is int^nikd to be made eveiy yeat n^hile the peace lasts : 
And thus, reckoning coniponnd iriterest at 3 per cent« 
hsxKHTKKs usLLiQvs wiU bo paidoff during a peace of 
ten years. 

On this plan I will take the liberty^ with all the defer- 
ence whic^ becomes me to the station and abilities of the 
proposer of it^ to offer the following remarks. 

Ist^^ It- implies, that there b to be a Lottery every year 
doring the whole continuance of peace. — Formerly, lot- 
teries were expedients for procuring money on more ad- 
vantageous terms, to which government h^ repourse^ 
when pressed by the'necessities of war. They are now, it 
seems, to be established BMpermamnt resources never to be 
given up or suspended. — ^This must shock every person who 
is duly acquainted with the mischief occasioned by lot- 
teries, particularly among the lower classes of people. 
The rage for gaming tbreatetis the ruin of all that is 
virtuoiis and manly among us. It is increasing fast, and 
vrants not to fae fostered by government. 

2dly. The surplus of the present year is in part the effect 
of some extraairdinan/ savings in the last year, (1772) 
which cannot be expected another year : And, I believe, 
that those who are best acquainted with this subject, must 
be sensible that there is no sufficient reason to expect, 
while the augmentation of the navy is continued, a con* 
stant surplus of so much as a million per avn. 1 mean 
this on the supposition, that the produce of the Sinkhtg 
Fund will continue wliatiit is taken for this year, and what 
it has been the last three yplrs, or j£'2,600,000. But this 
is certainly more than can be depended on. The difficulties 
of the Ef-'U India Company ; that stagnation of credit 
which has lately distressed the public; and many other 
causes, may possibly occasion Deficiencies, Should there, 
however, be an increase^ it will be owing, I am afraid, to 

a very 
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a very bad cause : I mean, to an inorease of our ioiper(a« 
tioDs proceediog ftom luxury, and turning, the balance of 
trade against us; and, consequently, draining the king- 
dom of its specie, and leaving it more and more to die 
precarious and dangerous support of paper money. But, 

3dly, Let the surplus of the public revenue prove what 
it will, th^re is too much probability that, even during the 
continuance of peaoci some emergencies or other will be 
often ftimishing reasons or pretences for employing it in 
other ways than the payment -of the public debts. This has 
been the case hitherto ; and from the year 1730 to the 
present time, it has never happened, that we have gone on 
above three or four years together employing surpbisses in 
discharging debts. Though in profound peace, there have 
been calls for a dtfiTerent application of them ; nor can I 
imagine what reason there is for believing that our circum- 
stances are so much changed for the better, that there 
will arise no such calls for ten years to come, should the 
peace last so long. But, 

4thly, The most capital defect in this plan is, that its 
operation is to cease as soon as a war begins. That 
Is ; it is to cease at the very time when it would operate to 
roost advantage, and make the quickest progress in re- 
deeming the public debts. This has been demonstrated iu 
the chapter on public credit in this Treatise, and in ray 
Appeal to the Public on the Sulject of the National Debt. 

is it then any wonder, that such a plan has bad no 
effect on public credit ? — ^Docs it mean any more than that 
the surplusses of the revenue shall be applied to the dis- 
chaige of our debts, when thaoB are no other uses for 
them? — And was there even a time when tliis was not 
done? Is not this the very p^^ we have been pursuing 
these forty years, and to which we owe our present in-» 
cumbrances? Certain it is, that nothing but a plan that 
shall go on operating uniformly in war as well as in peace^ 
or the establishment of a permanent fund that shall never 
be diverted; that is, in other words, a return to the 
3 scheme 
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schema adopted by the Iq^lature in 171O; and whidi 
even now stands established by law^ but which, through 
the unpardonable misconduct of men in power, has been 
defeated of its good effects : Nothing, I say, but this can 
do us any essential service; or, in our present circum- 
stances, be much more than trifling with the difficultiet 
and dangers of the public-^Establish such a fund — Con- 
sign it to a particular commis5ion> acting under penaltieti 
in such a manner as shall take it out oi the hands of the 
Treasun/y and , form a check even on the House of Conh- 
mons itself. — Supply from time to time all deficiencies jusC 
as if no such fund existed ; and, by these and other mea- 
sures, convince the kingdom that something effectual is 
meant, and that the public debts are indeed in the way to 
be extinguished. — List this be dose ; and we may soon 
see a new state of tilings ; public credit may revive ; /ind 
the kingdom enjoy at least a chance for being preserved.— « 
By the confidence which such a measure would give in 
government security; but more especially, by the in-* 
creasing sums which would be thrown annually into the 
public markets, and returned to tlie public creditors, the 
3 per cents, would soon be raised to par^ and in some time 
probably far above pau It is well known, what an effect 
borrowing every year has in sinking funds. Paying every 
year would certainly have an equal contrary effects In a 
time of war, particularly, it would give such a demon* 
stration to the public, that an irrevovalle plan of redemp* 
tion H'as at last established, as could not but produce the 
happiest effects. It would indeed in iiiese circumstances 
be necessary to borrow an extraordinary sum annually 
equal to the appropriation. That is ; supposing the fund 
to set out with a million per ann. it would be necessary tg 
boiTow so much more annually than would have been 
wanted had the fund been capable of being diverted. But 
thii being done to convey a conviction with which the very 
power of borrowing was connected ; and to preserve 2ifun4 
•n wliich tlie very being of the state depended ; no bad 

consequenc 
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consequences^ •ccttld iblk>w. Thfe annual ofamige on ther 
public, ood&sioned by the wftr, Would be even less thafi it* 
must have otherwise been. For, let us suppose' ien fnil* 
Ikns necessary^ to be borrowied every year to dtf ray the ex»- 
pences of war, nine millions only of -irtiith would haVe been ' 
Wanted, had not the million surplus be^n locked up. — 
Suppose farther, that the scheme, by keeping up public 
credit, and throwing money every year into tbe bands of 
lenders^ enables government to borrow at j£*l per cent, less 
interest than would be otherwise required; that is, at 4 
instead of 5 per cent. — In these circumstances, there would 
arise a present saving to the kingdom of i^50,000 per ann, ; 
for the interest of ten millions at 4 per cent, is if*50,000 
less than the interest of nine miUhons at 5 per cent. And 
such a saving, repeated every year of a war, would be an 
object of some importance to the kingdom. — Indeed, there 
may be no possibility of conceiving what important effects 
in this way, the establishment of Such a scheme might pro- 
duce. During its progress in discharging our debts, and 
before it could give any relief by the annihilation of taxes, 
it might save the kingdom, by preserving it from difficul- 
ties which would have sunk it. And every one must be 
sensible of this, who has considered what danger there 
is that a war, should it become unavoidable before our 
debts are put into any certain course of redemption, will 
either entirely overwhelm public credit, or so much weaken 
it, as to produce an impossibility of borrowing except on 
?cry exorbitant interest, and, consequently, of finding 
Jaxes sufficiently productive to pay such interest. The 
general apprehension now is, that the nation is overloaded; 
«nd that its debts will never be paid. This keeps the funds 
near 18 per cent, lower than they were in the last peace ^ 
In the next war such apprehensions will increase, and pro- 
duce grtat danger. But should it be then seen, that a 
plan for redeeming our debts, the most efficacious possible, 
was going on ; and, in consequence of being guarded in 
ipme sue)) manner as ) have hinted^ would not (or vtndd 

not 
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not easily) be revoked ; in these circumstances, all danger 
would be so far lessened, that it might be practicable to 
find new taxes which would support the expeuces of war 
during the operations of the scheme. 

But I am got far beyond the limits I prescribed myself 
when I begun this Preface.--<-As the national debt is a 8ul>- 
ject unspeakably interesting to this nation, I could not 
allow myself to omit any thing that appeared to me of con«- 
sequence upon it ; and the Reader of this Treatbe will on 
this account, I hope, excuse me, if I have detained him 
here too long and (oo unprofitably. Much has been be- 
fore said on this subject by writers of more consequence to 
no purpose ; and we shall pursue the path we are hi, till 
the edge of the precipice towards which we are advancing 
awakens us^ and ruin becomes unavoidable. — The distress 
occasioned by the shock lately given to the bubble of 
paper-credit, is, I am afraid, a prelude to greater calamitiqsi 
9D(1 a wsirning to prepare for them. 
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JL HIS work:baving been for some time out of print, I 
lesolyed iibout four years ago to^prepare for the press a new 
edition of it, expecting that I should have only a few cor* 
rection3 and additions to make of no particular conse- 
quence. But in this expectation I have found myself 
greatly mistaken. Such a .variety of new matter came in 
my way, and such means of improving thb woik were 
pommunicated to me, as have led me to bestow upon it 
more attention and labour than can be easily imagined^ 
and to Increase it from one to two volumes. 

It is probable that nothing could have engaged me to 
undertake so much labour had I foreseen it ; but having 
begun, I could not avoid going on; and I was encouraged, 
by the reflection on the favourable manner in which t&e 
former pdition^ of this work luul been received, and also 
by the hppe that on one subject of human enquiry I should 
be able to produce a work more complete than any that the 
public has been yet furnished with. 

The additions of most consequence in the preseiit editioo 
ure the following. 

There has been added to the Second Chapter an account 
(Df sevet9ijbreign Societies ; and a continuation of the his- 
tory of such annuity societies as are still subsisting in Lorn* 
doTif to the time when that Chapter was printed off; that 

^1 to the be^niog of the year 1782. '{lie laigest of 

these 
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these additions respect the Amicable Corporatum for Per^ 
petual Assurances at SerjeanCs Jnn ; and the Society in 
Chatliam Place for E^tadk* Assurances an Lives and 

Survivorships. ^The former of these Societies^ should 

they think proper to look'mto these observations, will, I 
am persuaded, find that they require their attention. - 
But it is the Seoiety last mentionrd, vMoh, through the 
whole of this Treatise, I have had chiefly in view. Having 
for many years been concerned in advising this Society 
(the first of the kind in the world, and increasing fast), 
I have been anxious about giving it all the information jgad 
'BSBUtaiice t)Ossible.--<^-^The additional ^observations ad- 
dressed tb'rt Yn this editi(m w\\ be fdcmd cbMly !n tins 
"^itiatie^fikn^ge 18\ to 191 ; and at <he end of the 
'Kttnarks^^ »the 86th TaHe hi the 2d Vrfame. And, 
-jRrotti th^ observations, 'jit Imry^ be leMit ia partictrlid*, 
fha^ifaotrgh 'ftiis Society, in ctinseqaence of having ha^i- 
'j[>ny begun too Vrgli, Irns aireildy found itself capable of 
'idddng great abatetneiit) Si its demands, it is still capable 
of tnakingftrtiher abatements. 

In the former editions of this wotic, I had intimated that 
E publication of the taMes by which its business is trans- 
aeted would be proper, together with an account of the 
prindples assumed,' and the method tsfken in composing 
tbem. This is an information to which the public has a 
rl^it, and which is now ^ven it in different parts 'of this 
work, and particularly in the Second Volume at the end of 
the Remarks on the 36th Table. 

Many corrections liave been made and several additional 
*notes inserted in the First Essay. Some of these have been 
occasioned by two late publications ; one by Mr. Wdles^ 
'inaster of the mathematical school at Chrht-Ckurch ; and 
the other by Mr. Hawlei. See, particularly, the notes in 

;p. 17, 24, 26, and 27, Vol. 11.- ^Thc Table in p. 70, 

Vol. 'II, is also now fitst inserted. 

• . • , 1 .. • • 
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To the fourth Chapter a Pmlscript lias been added, Il» 
principal intention of which is to point out the reasons For 
idiaoarding ^ valuation tofi single and joint lives derived 
from Mvi DeiJkfoft/re^^hjrpothesb; and also to describe a 
melhad of computing th^ values from any ^^ven tabks df 
mortality, whicfa^: vvihile it Ifeaves no possibiJiity of anymi^* 
take^, randers such. Computations as .easy and expeditious^a 
their nature will -allow. 

3}he third Essays is the same that it has been in all the 
former editions. But to the Fburth^. some additions ha«e 
heen made ; particularly, the notes in p. 88, 90, and 91, 
Vol. IL The first two of these notes have in view a ra^ 
mark of Mr. tVedesf.s ; and the deagn of the last is, to re* 
tract an assertion in the former editions concerning the 
duration of life in old age in freat towns, and to shew the 
reason why a greater proportion of the inhabitants of Lorn' 
don died formerly in old age than have died lately. 

But the additions of most consequence are the Tables in 
the Seoond Volume, with the remarks explaining the con*> 
struction, use, and application of them.— —-In the genecal 
introducticm to these Tables, and in the remarks oa 
Table XVI. p. 306, it is shewn (and, I think, undeniably) 
that the Tables of the values of lives deduced from the 
London bills of mortality err only by giving them too high; 
And that, with respect to the main body of the inhabitants^ 
the unfavourableness of London to the duration of Ufa 
continues much the same that it used to be. 

Tables L U. III. and IV. are an abridgement of Mr. 
Smart's tables of compound interest, and contain all that 
is important in them. 

The XVIIth Table, shewing the mean probabilities of 
the duration of life according to a register of mortality at 
NoftTMAMPFON, has been inserted in al! the former edi» 
tions ; but it is now given more correctly ; and<tables de- 
duced from it have been added, of the expectations of lilir 

» In the present eilition, Uie third ChapUr. M. 

b Now the fecond Essay io the ttcimd Volume. ^'M. 

ft and* 
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and the 'values of single livfs and of any two joint lives at 
all ages, and for three rates of interest. The labour of 
€X>mputing these tables was undertaken in older to set aside 
all occasion for using the defective valuation of lives 
founded on Mr. De Moivr^s hypothesis; but not having 
been able to finish these computations till a great part of 
this' Treatise had been printed off, I have been obliged to 
continue the use of the old tables so far as to take from 
them many of the examples of the solutions of questions 
ia the first and following chapters. 

When tables of the values of two joint lives are given, 
the values of three joint lives may be deduced from them, 
with perfect ease, by Mr. Simpson's rule inserted in the 
Second Volume of this Treatise.^ 

Thb rule saves so much trouble^ that I have tliougfat it 
worth while to procure calculations of the XXXVth and 
XXXVIth Tables, on purpose to determine how &r it may 
be depended on. The result is given in the remarks and 
comparisons at the end of those Tables. And it seems to 
appear tliat it finds the values of three joint lives so nearly 
as to leave little room for wishing in this instance any 
greater degree of correctness. 

The rules from p. 221 to p. 233, Vol. I. describe a 
method of deducing, with sufficient accuracy, the value of 
any life or numl^pr of lives at all rates of interest, from the 

correct value given at one rate of interest. In com* 

puting, therefore, tables of the values of lives, according to 
any given observations, no more will hereafter be neces- 
aary dian to compute them for any one rate of interest. 

All improvements, however, of this kind would be of 
little consequence were th^re no tables whick state cor- 
rectly the laws that govern human mortality in different 
(ntuatkms. One principal part of my business in this work 
has been to frame such tables ; and any one who will look 
laver the cdlection of tables in the Second Volume, and 

«^ See Rffiaarks at (he cod ef the S6tb Table. M. 

particularly 
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particularly those from the 4l3t to the 47th Table, will see 
that r have bees furmshed with the best means of doiag 
this. 

With respect to the Tables, in particular^ deduced from 
the Swedish Observations, 1 caadot hesitate to pronounce 
that they exceed in correctness every thing of this kind 
which has be«i hitherto offered to the public ; and that 
nothing is waotii^ to make our knowledge in this instance 
complete, but similar observations in other kingdoms. — By 
these Tables 1 have been enabled to state minutely the 
different rates of mortality at all ag« among males and 
females ; and to form tables of the values of single and 
joint lives for each sex, as well as for both seites collective- 
ly; in consequence of which, 1 have been Jiirther enabled 
to determine the increase of the values of annuities payable 
during survivorship, occasioned by tlie longer duration d 
lives amotig fismales; and tlius to furnish a direction of 
some importance to the various societies in tliis kingdom 
and abroad for providing annuities for mdows. 

1 must not in this place neglect to acknowledge the 
great obligation 1 am under to Mr. Wargentin of the 
Royal Academy of Sciences at Stockholm, for the com- 
munications which have enabled me to make the additions 
to diis Treatise last mentioned. It will be foui)d also, that 
I have been much Indebted to Mr. Oeduh of OUIenlurgk 
for several useful communications. 

In the observations and rules in page 200, &c. Vol, I. 1 
have given » general account of the method of computing 
the values oi presentations to livings, and of the renewals of 
leases held cidier for terms certain or fur lives. 

The rules from p. 2G3 to p. 271, Vol. I. shew how to 
deduce, from the values given of any annuities payable 
yearly, tlieir ralues when payable half-yearly or qiuirterly, 
or when secured by land and payable half-yearly. ' And 
the last Table -in p. 271, exhibits the particular differences 
between these v^e» for two rates of interest, 

VOL. I. c The 
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The coUectioa of Tables is preceded by a Sitpflxm bnt 
which formed a part of the Third Edition of this work. In 
the present Edition several notes have been added to this 
Supplement ; but the addition of ihost consequence is the 
PosTScaiPT cm the subject of the pqmktion of the king* 

dom. In the former Editions^ and also in the publU 

cation entitled an Essay on the Population of England 
from the Revolution^ &c. I gave an account of several &cts 
which seemed to me to shew, that our population has de- 
clined. Great pains have been taken to prove this to be a 
mistake.** In the Postscript just mentioned, I have entered 
a little farther into this controversy ; and it will appear that 
though I still retain my former opinion, yet I wish to be 
considered as far from being dedded in it, and therefore a» 
open to receive any evidence which can be produced to 
overthrow it. 

Being willing to comprize in this Edition all that I have 
written on the duration of human life, and the values of 
life-annuities, I have inserted Three Essays on these sub- 
jects, which have been published in the Philosophkal 
Transactions of the Royal Society. 

A pretty copious Index closes the whole. 

The additions I shall last mention are those which relate 
to public credit and the national debt ^ and I have chosen 



d Much has been said also about a mistake into which it is supposed 
I haTe fallen in estimating the quantity of gold coin in the kiDgdora. 
The truth, in this instance, is brirfly this.— The third proclanuUlon for 
calling in the gold coin brought in Bear double the sum that was ex- 
pected. In consequence of this, an estimate which I had pablished in 
the First Tract on CitiI Liberty, proved short of the truth about three 
mUliome nnd a half; smd it appears now, that, axclnsiTe of two mil- 
lions pnrthased by the bank and melted into bars, the gold coin of the 
kingdom was (in 177S) about eUctten mOtfoiu, Initead of tweiuc ndUione 
and a haift as I had reckoned it. And this is the account I have given 
in the last edition, p. 74, of the Tract just mentioned, except that 
being then not informed of the coin purchased by the bank^ 1 have not 
nentioBcd if. 

to 




to motion ihtm last^ on tceountof their > pMrticular na« 
ture iind.itnportance. 

la the<Prefiiee to the ThlrdKidhion, (seep, xxii) I took 
ixxice of a plan annoiiiiced i» iJTb by Lord Nwtb ito the 
House of CotnmoM^ for payieg in the ten following yean 
17 miHkids of the public di^t* It js neotasaiy I should 
here. just mention^] that thia phol was Mver after waids 

beard of.- The rexMrbs I have made upon' it^ were 

followed with a proposal for ex|^{ting apknof redenip* 
tion in such a manner, as to cause an appropriation of a 
million per arm, to discharge^ in forty years, a hundred 
millions of the public debts then bearing 3 per cent, in- 
terest. This proposal has not been continued in this Edi- 
tionj because I intend soon to lay before the public a plan 
more eHicient, and better adapted to the present state of 
our funds. I must, howeTcr, observe that, having now no 
hope that an efficient plan of redemption will ever be esta* 
Uished, I think with regret of the time and attention I 
have bestowed on this subject. Nothing relieves me, but 
the reflection that the object about which I have lost my 
time, has been the removal of an evil which, if no such 
measures as I Iiave proposed are adopted, must bring on a 
catastrophe which will make this country a warning and a 
terror to the world. 

At the end of the chapter on public credit I have, in 
this Edition, inserted a brief history of the Sinking Fund ; 
and also a particular account of the increase of the public 
debts from 177^ to 1783.^ and of the state of our finances 
at the time of signing the Preliminaries of peace in January 
last.^ This account is, I believe, as correct as it is possible 
at present to make it ; and 1 have chosen for many reasons 

« Tbii acfouQt ivas omitted by Dr. Price in the 5(h EdltioD, but 
I endeavoured to supply the deficiency in the sixth Edition by 
f^iTingthc amount ef the public debts in 1786, and also at the time of 
signing the Definitife Treaty of Peace in April, 180?, (p. S37, 
Vol. I.)— M. 

f These statements were •mittcd by the author in the fifth ^ditioD.— M. 

c2 that 
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that it should foftn a part of this ^'oik. Hereafter^ prcK 
bably, it will be read with amazement. Our fiolly, m this 
iostaoce, is without example. Lcnrd North enjoys the 
finpilar distinction of having contribpted more to it than 
any former minister. By a war which has degraded the 
kingdom^ and a dissipation of treasure which was never 
equalled, he has, in the short compass of seven yean^ 
doubled a debt before too hea^ to be endured. And let 
future generations rise up; andj if possible^ let them call 
him — Blessed^ 

NattMgtam-^retn^ March 29^ 178S. 



I Had Dr. Price liTed to witncai the profvsion of tlie lut ten jears* 
he would probably hare nodermted the ieverity of thii cemve — The 
debt whfch appalled bin, when it anoootcd to 990 niUioas, has lately 
swollen to the eBorsoos ma* of 540 MillioBt, f and the yearly ezpeo- 
diture of a peace-establishment which he considered as insupportable at 
16 millions, will in fnture require an annual taxation of more than 34 
millions !— The pfl^per-cirrnlation which he so justly deplored when be 
flrst pnbUsbed this work, appears to haTe been then only in Its iafaacy : 
it has now completely inaodaled theconntry. The coin has disappeared^ 
and the Bank, for whose credit he was so apprehensiTCi has for many 
year? ceased to pay its notes in specie. The American war, which he 
regarded as so Injurious anddis g i ac e f nl to the kingdom, has been snc» 
ceeded by another infinitely more ruinous, i^d more degrading in its 
cottr^ttcoces. Ilad he therefore lived to witness these, and a long train 
of other calamities which are too deeply felt to need the recital of them 
— 4iad he lived to behold the Man, during wliose administratiou they 
were prudoced, retiring from office in triumph, and coagraiulattog the 
nation ••the envied state of prosperity to which it had been lately 
exalted, he would have changed the object of his resentment, and ac- 
knowledged that Lord North had long lo»t the dbtioctioo assigned to 
him in this preface.— M. 

* This was written to 1803. 
i See page 338 io this VotaraC. 
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XhE folbwing Invaluable work is one of the frmte of a 

life which was anifbnnly detotcd to stiuUous enquiry^ . and 

to the promotion of the best interest! of mankind. Tim 

motives that first led the author to engage in these labouit 

•were the most humane and honchirabley ^d he considered 

-the success that attended them as the high^ reward and 

'^tification he could enjoy. Even in {tfeparing his notea 

for the fonner edition^ which unfei^unately were never 

completed^ he mentions his life as tiieli drawing near its 

close, but that he had reason t6 refliect with satisfieictkxi 

on the time which he had emplogred in those pui^suits. 

The different Prefaces which have been aflixed to. the 
several editions published by the Author himself^ render it 
unnecessary' to enter minutely into the origin and progress 
of this work. But it may not be improper to observe, that 
the advice and instruction which it contained could not 
possibly have been communicated at a more seasonable op- 
portunity, than at the time of its first publication in IJG9. 
«- -llie various Societies fpr the benefit of age and widows 
which were then continually rising up to allure and to de- 
feat the hopes of the ignorant and distressed^ were become 
an object of serious concern, and if the evil had not been 
effectually opposed^* it would certainly have. proceeded to a 
much more alarming extent. On the fint .|tppeanu(i€«j 
howetei', of this work, the rag^ fwicstaMjsbingngu^ Sp- 

cie&ta 
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cieties immediately subsided, a partial reformation took 
place in some of those which had been ahready formed, and 
in a short time the greater part of them, convinced of 
their mistakes, dissolved themselves. A few, indeed, per- 
severed in an obstinate adherence to their original plans, 
but they have long since exhibited a melancholy proof of 
their own folly, and of the truth and justice of the admoni- 
tions which had bwcen wasted upon them. 

It vras Dr. Prices intention to have written a new Pre- 
face to the former edition, in which he meant to have con- 
tinued his account of the state and progress of the few So- 
cieties which then remained, and also to have inserted 
lvfiatev«r additions and remarks he might' haVe thought 
Mtesiary to the improvement of the foUowing volumes.—- 
But he died soon after die Jlr^t of them was printed, and 
left only a few dmebed hints and observations in regaird to 
the plan which he was to have adopted. — Being anxious to 
trxert every effort in my power towards fulfilling his intea- 
tions, I then endeavoured, though in a much inferior 
Ihfinner, to pursue the method which he had pointed out 
for himself; but in the present editbn 1 have ventured to 
deviate from that pbn, by introducing the remarks which 
I had formerly inserted in the pte&ce, together with some 
additional observations, in the form of notes to the difler«> 
ent chapters which treat of those Societies. 

Besides the peculiar satisfaction which he derived from 
this work as having been instrumental in doing much 
good, Dr. Price was also accustomed to reflect on it with 
pleasure, as it contained, in his opinion, many improve- 
ments in the doctrine of Annuities and in Political 
Arithmetic. — It was his wish therefore to have rendered it 
i» complete as possible; and the great number of tables 
-and valuable observations with which he has enriched each 
edition, and particularly the yrn^/ A, are a proof of his zeal 
and success In accomplishing this purpose. — ^To the fifth 
edition A new table was added of the values of two joint 
Iws, computed under hts direction from the probabilitiei 

'J of 
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of life tt JBirl A awipta w , leckoning intereit of money at 6 
per cmt. ud kIm ^inc otker tablet of the rallies of dngle 
1ml, eommnmhltiri tmd tnniiuted by myielf, from the 
sune table of obserrations &t the several ntes of G, 7» u)^ 
8 per eetU. Thaw 1 Mierc wws oil the new tables, ex- 
cepting tfaow u ibe Appendix, which Dr. Price neaat to 
have MUed to that edidoo : — dot did be seem to eotertaiix 
the noit KHOte ides of toaking my material altentions 
either ia the aRaogeiBent or the matter of the second 
fohiOM, which he £A not Uve to corrects— When that 
edition was put to the preas^ it was done io some haste, and 
his other eog^ments 'prerented him from attending to 
the correction of it be^re the first two chapters were 
ptinted off. Had not tMs been the case, he meant instead 
of the present aotwen to -the Ittb and 12th questions ia 
the tint. Chapter, to have subsHtuted otfaeis imn a paper 
comnmnicated by myself to the Royal Society in ihe year 
17SS, whidi was lioaowed with their apprabation, aud 
pablished in the 7Sth Volume of their Transactions. But 
bciog dJMppointed in tlus intention, he reserred what he 
had to say on the subject for a note at the end of the 
second volanae. — As far as relates to these questions I 
have endearoured to supply the deficiency. I have also 
explained some of the notes at the end of the first volume 
which appeared to mc to be too coneisc, and hare deduced 
from the real probabilities of life other solutions of such 
Problems as had been derived from Mr. De Moiore's hy- 
pothesis, — intending by this means to give a further proof 
tl»t it can seldom m ever be necessary to have recourse to 
such an expedient io the doctrine of Annuities. — In con- 
sequence of a reference made b}' Dr. Price in a note at the 
end of the third Chapter, (Vol. 1.) I have inserted all the 
different rules respecting the values of reversions depending 
on survivorships between tlirce lives, which 1 had com- 
municated to the Boyal Socitly in the yean 1789, 1791, 
1794, and 1800, and which were ' published in the 79th 
81i^ 84tb, and 90lk V<riumes of the Pbilcnphical Trans- 
actions, 
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nctioos. These, like all the other additions I have made, 
have been kept separate from the work ksdf ;: so that, if 
any errors have been committed, they may;te easily ascribed 
to f he rpal author. 

. As ail the solutions in the first Cbapttf^ except those of 
the 11th and 12th questions, are strictly time* acoording 
to any tabi^ of the probabilities; of life, I db not know that 
this part o( the work admitted of any other improvement 
"than the addition in those two questions of correct rules in 
lieu of th^ approximations wliich had been taken from Mr. 
Simpson's Select Exercises. But in regard to the second 
Chapter, which contains an account of the different So* 
cieties for the benefit of age and widows, the cireamstanoet 
and even plans of some of these have undergone such caa* 
siderable alterations since the year 1773, when the fourth 
edition was publighed, that it became necessary, in this 
and the former edition, agreeable to the author's own in« 
i^tion,' to give a more accurate account of their state. 

In the first Volume of this work** an account is given of 
a plan for enabling the labouring poor to provide support 
for themselves in sickness and old age by small weekly 
savings from their wages. Since the first publication of 
this plan Dr. Price had bestowed great attention on the 
subject ; and being furnished with more information than 
he then possessed, he was enabled to compute the valuable 
Tables which are inserted in the Appendix. — These were 
intended to Imve served as the foundation of a plan to be 
established by the legislature, which should hold forth such 
particular encouragement to the 'poor as should induce 
them io give it the preference to those insufficient and 
erroneous plans which have been so generally adopted in 
this kingdom. Nothing could be more important than 

• The Sohuioru of the 15(h and 16th questions are troe, nnd (he ruUi 
deduced from them are sufficieotly correct for any usefal purpose.-— 
5«c Note (H) Vol. I. 

h Note page 149, 

such 
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such * design. It was founded on the best principles^ and 
had the happiest tendency to assist the poor by encouraging 
industiy and savings and by raising them above the wretch- 
ed necessity of depending upon ihe parish for subsistence 
when lendered ineapable of jiroiiiding for themselves^ The 
bill 'for .'establishing this plan was brought into parliament 
aUmt twelve yean ago, abd after having passed tlie House 
of Coiithons was rejected* by the Lords: — But it is to be 
iioped that this want of success will not prevent the subject 
from being resumed hereafter : For its usefulness and im- 
portance, \^en ][yroperly undeistciod, can hardly fail to 
engage every branch of tlie legblature in its support. It is 
obaerved by Dr. Prica^ that the jpoor^s rate in the year 
1777 amounted to jf 1,55^,804. Since that time it has 
been doubled; and the 4mth seems to be, diat there is* 
growing distre^ amoi^ the poor^ occasioned most probably 
by the price of provisiomhaVing increased uKNre in propor* 
tion than the price of labour^ which renders it almost im^^ 
possible iar a poor man, if hi) have a wife and ibmily, lo 
subsktion his wagesl-^Thb melancholy truth might be 
proved in the most convincing matther from the valuable 
information' communicated to Dr: Price by Mr. Moreitm 
Pitty the member for Dorsetshire, whose humanity has 
led him to make particular enquiries into the state of the. 
poor of this Kingdom. — But it would be foreign to my 
purpose to enter into disquisitions of thb kind, though I 
cannot help observing how much it is to be lamented that 
others have not been stimulated by this benevolent exam« 
pie to make similar enquiries, and to interest themselves in 
adopting such measures as might effectually relieve the 
distresses of the labouring poor. By the formation of nu> 
;tional plans for this purpose the many wretched schemes 
which have so often risen up to delude their hopes would 
disappear, the indigent labourer and hb fomily might then 
look forward without anxiety to seasons of sickness and old 

€ Note pUfelftl, VoU I« 
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9ge, and the moie weakhy ttqcj the advantage of a ie« 
dncdoo in the eaormous espaict with which the parishes 
are loaded for the maintenance of their poor.— -It is indeed 
a great misibrtane that the- different parochial cluba esta- 
blished in diis kingdom should in general be £Mmded on 
such erroneous principles, and that a disposition so ^^wdaMf 
IB itself should not be properly directed and encouraged by 
the legislature. The funds of these Clubs have, it is true^ 
been preserved by a late Act of Parliament from the de- 
predations of their treasurers. But it would have been as 
well, perhaps, if provision had been made in the same Act 
against the formation of such clubs, or of any Society for 
the benefit of Age, Widows, &c. without having previously 
aubmitted .their plans to same persons competent to judgie 
0f their efficiency. — At piesmt they are formed from Uie 
crude suggestions of the most ignonntf who in order to 
pioeure a'sufficient number of subscriptions often propose 
the most extravagant terms.-; so that it soon becomes a 
Matter of very little oonsequence to the greater part of 
the subsoriben whether they are robbed by their treasurer, 
tor 'ruined by the multitude of their claimants. \ But of all 
the phaDtotas which are held up to entice and to deceive 
the public, none are more mischievous or deserve more 
ecivete reprehension than the Tontines which have lately 
prevailed so much in every part of this country. By these, 
tvHile the adventurer is flattered with the extravagant hope 
of making his fortune in a diort period and at a small ex- 
pence, the worst sfurit of gambling and idle speculation 
is called forth, and all those baneful efTects which are pro* 
duced by a State Lottery in London are extended to the 
remotest corners of the Kingdom, h it not then a matter 
of serious concern that this mischievous spirit should derive 
sanction and encouragement from those who ought to exert 
every effort in opposing it ? The annual establishment of a 
State Lottery is now regularly enumerated among the ways 
and nseans of the Minister ; but of all the wretched mea- 
sures of finance which have lately been adopted^ it is im- 

possible 



possible to inu^be one so unprofitable !lo govcroment, and 
at the same time so deleteriooB in its oonsequehces to the 
poUic Wretched must be tbe conditioQ of that oountij 
wbtre the morals of the people tfe sacrificed to the interests 
of the revenue^ and where . the public exigencies are pro» 
ddcd for by: tbe pernicious assistance of such expedients^ 
While, tbe woM peffooos of the human mind are thus 
cherished and matotained by those who oug^t to exert 
their power in suppressing them, we may indeed lament 
the mischievous consequences^ but: it will be of little avail 
(Doppose them by the sober efibrti of reason and nga^ 
knent* 



.«= 



It was Dr» Price's intentioo» as appears firqm. .some re- 
ferences in the former edition, ,to have continued his ao* 
count of the public revenue and: expenditure to the begiiir 
niiigof the year 17^1^ — He had also pnqposed to havie 
published the three plans.lSor payii^ ofiT. tbe national debt^ 
which were communicated by him to Mr. Piii in oonse* 
quende of an application having been made to him for his 
opinion and advice on that subject. — One of these pkmf 
was adopted by the minister without the slightest acknoww 
ledgment, and now forms tbe foundation of an Act for re» 
ducing the public debt« which was tsstablished by the legis* 
lature in 17^> ^^ contributed more than any other mea- 
sure to raise the credit of the late Administration. In 
order as £ur as lay in my power to fulfil the intentions of 
Dr. Price, I have in the first Volume inserted those plans, 
together with such remarks as were necessary to explain 
them. These formed a part of a pamphlet published by 
myself on the subject in the year 17^^ i which having been 
long out of print, I thought so much at least of it might bt 
preserved in this work, as would tend to illustrate the con- 
duct of a Minister, who, whatever may be his pretensions 

in 
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in other respects, does not appear to include gratitude in 
the list of his virtues. — At the conclusion of these remarks 
I have «bo added an account of the National Debt ; — not 
indeed at the period to whidi Dr. Price intended to have 
brought it^ for that would have given a very imperfect idea 
of its amount, but to die end of the year 1801 ; from which 
it will be seen how feeble the operations of the best pfams 
must have proved against the accelerated accumidations of 
the last ten years. 

But the chief alterations in this edition will be found in 
the arrangement of the woric. All that related to the same 
subject I have endeavoured, as far as circumstances wodLl 
permit, to bring together ; so that some of the Chapters 
which composed the second, now form a part of the first 
Volume, and on the contrary some Chapters in the first are 
transposed into the second Volume. By this means the 
whole is retidered more methodical at least, andthe reader, 
in consequence, when studying any particular-subject, will 
not be interrupted, as in the former editions, by having to 
(Examine Afferent parts of the work before he finds all that 
itiis been written in it on that subject. 
• Hence the questions concerning Reversionary payments, 
and iihe application of those questions to the establishment 
of Societies for the benefit of Old Age and Widows, arc 
fbllbwed by an account of the different Societies of this 
kihd'now existing in Great-Britain. In the next Chapter 
is given the method of calculating the Values of Rever- 
sions depending on Survivorships, which appears to have 
been written chiefly with the view of correcting an error 
Into which Mr. De Moivre had fallen in the solution of 
those Problems. — To these succeed an account of the 
Values of the renewal of leases, and a Chapter containing 
the most expeditious method of computing the values of 
single and joint lives according to any tables of observation. 
In the 5th Chapter are given Theorems for finding the 
difference between the values of Annuities payable yearly, 
hAlf-ycarly, quarterly, and momently; which, together with 

the 
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the al^bnical ootes at the end of the first Volume, «on- - 
bun aU that was formerly disperaed throughout the differ- 
ent parts of the work on the subject of Annuities and Re- 



The NatioDal Debt seems to be a subject not im- 
mediately connected with any of the other matters of 
which these volumes are composed. The 6th Chapter, 
therefore, which treats of public credit, the establishment 
of a sinldng fund, the amount of the public debt, &c. is 
inserted at the end of the 1st Volume, in order that the 
whole of what has been written on the expectations of 
life, the population of the kingdom, and the method of 
forming tables of obser\-ations, might be connected to> 
gether in the 2d Volume. 

The different Chapters on these subjects constitute a 
great part of that Volume ; and the remainder, exceptioj!; 
an appendi.x at the end containing some computations and 
rules for the better formation of benefit clubs, is entirely 
occupied by the vast variety of Tables, which render this 
work I'aluable above every other publication of tlie same 
kind. It is necessary, liowever, to observe that in this 
new arrangement not the slightest I'ariation has been made 
in the text, nor has any other improvement been intended 
by the notes and alteration? in this edition, than to 
methodize the general plan of the work, and as titr as pos- 
sible to follow Dr. Price'.t practice of extending and adapt- 
ing tlie information it contains to the circumstances of ttie 
present time. 

VV. MORGAN. 

.laHHtr;,, 16(13. 
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CHAPTER L 

Questions relating to Schemes for granting 
Reversionary Annuities, and the FcUue of 
Assurances on Lives. 

QUESTION I. 

^ A SET of married men enter into a 
" society for securing annuities to their wi- 
^ dows. What sum of money, in a single 
*' present payment, ought every member to 
^ contribute, in order to entitle his widow 
** to an annuity of ^3o for her life, esti- 
^ mating interest at 4 per centP'* 

ANSWER. 

It is evident, that the value of such an 
expectation is different, according to the dif- 
ferent ages of the purchasers, and the pro- 
portion of the age of the wife to that of the 
husband. Let us then suppose, that every 
person in such a society is of the same age 
with his wife, and that one with another all 
the members when they enter may be reck- 
oned 40 years of age, as many entering above 
this age as below it. It has been demon- 
strated by Mr. De Moivre and Mr. Simpson, 

VOL. ip B that 
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that " the \ki1uc of an annuity on the joint 
*' continuance of any two lives, subtracted 
" from the vakie of an annuity on the life 
" in expectation/' gives the true present 
value of an annuity on what may happen to 
remain of the latter of the two lives after the 
other. 

In the present case, the valtie of an annuity 
to be eAjbyed during the joint continuance of 
two lives, each ' 40, ^ is 9.826, according 
to the probabilities of life in the Table of 
Observations formed by Dr. Ilallci/, from the 

biUs 

^ SccfaLleVII.Vol.n. 

^ The values of jo'mt lives atid reversions, as deduced 
from the Breslau* observations, are not given in any part' 
of this work from Mr. De Moiure's rules in his treatise on* 
suinuities on lives. For these rules are approximations^ 
wfcich give results so far from the truth, as to be, not 
only useless, but dangerous. In the 4th Chapter a par- 
ticular account of tliis will be given, and also of the me- 
thod in which these values have been calculated. 

Mr. De Moivre has calculated the values of single HveSy 
on the snpposition of an eqiiat decrement of life through all 
its stages till the age of 86, which lie considiered as the 
utmost probable extent of life. Thus,- let there be $6 
persons alive at 30 years of age. It is supposed that one 
will die every year till, in 56 years, ihey will be all dead. 
The same will happen- to 16 at 10, in 46' years. To 36 
at 50, in 36 years, and so on for all other ages. The 
number of years which a given life wants of 86, he calls 
the complement of that life. Fifty-six, therefore, is tfao 
complement of 30; 4G of 40, and 36 of 50. 

This hypothesis eases very much the labour of calca- 
lating the values of lives ; and at most ages between 30 
and 70? or 75, it is so confonnable to Dr. Halley^s TaHe 
of Observations, that I shall not, in thcsd questions, think 
it necessary to distinguish biftween the values of single 

lives 
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bills of mortality of Breslaw in Silesia. The 
value of a singlelife 40 years of age, as given 
by Mr. DeMoivre, agreeably to the same Ta- 
ble 



lives as deducted from this Tiibk^ and the same values 
deduced from the hypothesis. 

In order to avoid putting the reader to ti'ouble^ I have 
given this table among otlier tables in the 2d Volume. 
And I have also given two tables which I have formed 
from the bills of mortality at Northampton and tfanvich. 
These last answer more nearly to Mr. De Moivre's hypo- 
thesis than Dr. Hulleifs table ; and the difference between 
the values of single and joint lives by the hypothesis^ and 
th« saa)e values computed, strictly, from the tables, 13 
generally, less in these tables than in Pr. H^lley's^ When 
therefore, in the course of this work the vi^ues of sir^le 
suid joint lives are i^entioned, as given agreeai^ly to Dr. 
Hatley's tab^e, it must be understood, that they are tajcen 
fir^m the 6th and 7th tables, and givea in strict agreement 
only to the hypottiesis ; and that for this reason, they 
^e in reality still more conformably to the Northampton 
■4a4 NortQiaa tables. 

The inhabitants of London^ as is well known, not liv« 
iDg so long as the rest of mankind, the valuers? of singU 
^qd joints UvQs t}ier^ ape considerably les^ thaa thoa^ just 
mentioned. And> therefore, whenever I have had Jbont 
don lives in vjew, I have give» pavticuUr t¥>tiQe of it> 
and taken th^ir values from Mr. Sifrnpsi^iiyyiYiQ has calcv^ 
Lited them from the London tables^ of o^^rviition, Sei 
the Tables in the 2d Volume, (a) 

(a) When thi» work was^ first published; no othes- table! 
of the values of annuities on single and joint Hves^ hid 
been computed from real observations, tliian those ffifksL 
by Mr. Simpson from the very inaccurate bills of xnocta- 
Uty in Londofi. Dr. Price, therefore, at that tim^ was 
lender the necessi^, in exemplifying hi^ rules, of having 
recourse to Mr. De Motvre*s hypothesis, which, agreeing 
nearly with the Breslaut table in th^ middle: stages of' life, 
W«.^q44^i'^(1 as more correct- than tables dedueedfrom 

b2 tha 
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ble, is 13.20"^; and the former subtracted 
from the latter, leaves 3.37, or the true num- 
ber of years purchase, which ought to be 
paid for any given annuity, to be enjoyed by 
a person 40 years of age, providedhe survives 
another person of the same age, interest being 
reckoned at 4 per cent, per annum. The an- 
nuity, therefore, proposed in this Question 
being ^30, the present value of it is 30 mul- 
tiplied by 3.37, or £\oi 2s^. 
By calculating from Mr. Simpson's Tables* 

the decrements of life in a large town, where they are 
always found to be much higher than among mankind in 
general. — In the fourth edition, however, new tables were 
given of the values of Single and Joint lives deduced 
from observations at Northamptm^ Sweden^ &c. which 
have rendered this hypothesis altogether unnecessary, and 
enabled us to obtain the exact values of Annuities and 
Keversions in all cases, instead of those values which in 
the earlier and later periods of life do not even approxi* 
maie to the truth. — But inasmuch as Dr. Price chose to 
continue his original examples in the two editions which 
h6 published after computing the above-mentioned tables^ 
i have not ventured to alter them, but have contented 
myself with giving the correct values in the notes sub- 
jpined^ which will be found in general to differ but little 
from those in the body of the work, owing to the ex- 
amples having for the most part been confined to the 
middle stages of life, where the hypothesis agrees nearly 
as well with the Norihampion^ as it does with the Breslaw. 
table of observation. M* 

- <^ See Table VI. 

^ The annuity by ttie Northampton tabl^ is worth 
5.377 years purchase, or if'lOl 6s. M. 

' • See Tables X and XL Vol. H. 

formed 
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formed from the bills of mortality of hon- 
dottt this value comes out ^102. 

The difference in thevalueof the reversion 
will be inconsiderable, whether the common 
age is taken a few years more or less than 40. 
Thus married men of 30 ought not, accord- 
ing to Dr. Halleys Table, to give two-fifths 
of a year's purchase more, for any given re- 
versionary annuity for their wives, than mar- 
ried men of 50, provided they are of the same 
ages with their wives; and one quarter more, 
according to Mr. Simpsons Table, If the 
wives are younger (as is generally the case) 
there will indeed be a considerable difference; 
for the value now determined would be 
^120 according to the Breslaw Observa- 
tions, supposing the two lives to be 4Q 
and 33, or that wives are one with another 
seven yeara younger than their husbands; 
and ^i IQ 8$. according to the London Ob* 
.serrations. 

QUESTION n. 

* Supposing such a society as that de^ 
" scribed in the preceding Question, to be 
" limited to a certain number of members, 
" and constantly kept up to that number, by 
" the admission of new members as old ones 
** are lost, in consequence of their own 
"deaths, and the deaths of their wives: 
** What is the number of annHitants which, 
5 "in 



6 Questions concerning 

^ in some time after its establishment, will 
/* come to be constantly upon it?" 

ANSWER. 

Since every marriage produces either a 
widow or widower ; and since all marriages 
taken together would produce as many wi- 
dows as widowers, were every man and his 
wife of the same age, and the chance equal 
which shall die first; it is evident, that the 
number of widow's that have ever existed in 
the world, would, in this Case, be equal to 
half the number of marriages. And what 
would take place in the world, must also, on 
the same suppositions, take place in this so- 
ciety. In other words; every other per- 

ison in such a society leaving a widow, there 
must arise from it a number of widows equal 
to half its own number. — But this does not 
detei^mine what number, all living at one and 
the same time, the society may expect will 
come to be constantly upon it. For if every 
widow lived no more than a year, the society 
would never have more annuitants upon it, 
than came on in a year. And on the con- 
trary, if none ever died, the number of an- 
nuitants would go on increasing for ever.- — 
Tis, therefore, necessary, in order to answer 
the present enquiry, to determine how long 
'the duration of survivorship between persons 
'<>f eqtial ages will be, compared with the du- 
rdlkm of mtirriage. Arid the truth is, tfiat, 
supposing the probabilities of life to decrease 

uniformly. 
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uniformly^, the former is equal to t|ie latter; 
and consequently^ that the uuuiber of $uxr 
vivor3, or (which is the same supposing np 
second marriages) of tvidows and .mdouie?^ 
alive together, which will arise from any 
^v^n set of such marriages constant^ J^^t 
up, will be equal to the whole puipber ,^ 
marriages ; or half of them (the numJbi^r ^ 
widows in parti<!ular) equal to half the num- 
ber of marriages. — ^Now, it appears tljqt in 
most towns the decrease in the probabilities 
of life is in fact nearly uniform. Accor(£ng 
to the BrcslaWfthe Norwich nn^ Northampton 
Tables of Observation, almost the same num- 
bers die every year from 20 years of ^agc to 
77 ^- After this, indeed, fewer die, and ^ 
rate of decrease in the probabilities of life is 
retarded. But this deviation from the hypo- 
thesis is inconsiderable; and its eSect, i|i 
the present pase, is to render the duration qf 
survivorship longer than it would otherwise ' 

^ That is, supposing tlxat out of any given -nuiQber 
alive at any age, the same number will die every yeartnl 
all are dead. See the preceding note. That on this- hy- 
pothesis, the duration of survivorship is equal jto the w* 
ration of Diarriagc, when the ages are equal ; or, in oth^r 
words, that the expectation of two joint lives, ihe ages 
being equal, is the same with the expectation of survivor- 
ship, may be learnt from the 1 8th and 20th pix)hklDS ff 
Mr. jDeA/oiWi treatise on anm^ties; and a demousta- 
tlon of it, together with a particular explanation of this 
subject, may be found at the beginning of the first Essay 
to which 1 must beg the reader to turn, if heif at^my 
loss about the full meaning of what is here said, 

» Sec Tables V. VIII. and ^VII. Vol. U. 
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he. According to the London Table of Ob- 
servations, the numbers dying every year 
begin to grow less at 50 years of age; and 
from hence to extreme old age, there is a 
constant retardation in the decrease of the 
probabilities of life ^. Upon the whole, there- 
fore, it appears, in answer to the present 
Question, " that according to the three 
^ former Tables of Observations, and sup- 
^ posing no widows to marry, the number 
^ enquired after is sometvhat greater than 
** half the number of the society ; but, ac- 
^ cording to the London Table, a good deal 
** greater.'' 

It must be carefully remembered, that this 
has been determined on the supposition, that 
husbands and their wives are of equal ages, 
and that in this case it becomes an equal 
chance which shall die first. In reality nei- 
ther of these suppositions is just. Husbands 
in general are older than their wives; and, in 
equal ages, the mortality of males has been 
found to be greater than the mortality of fe- 
males. For both these reasons, it is much 
more than an equal chance that the husband 
will die before his wife, or that the woman 
shall be the survivor of a marriage, and not 
the man This will increase considerably 
the duration of survivorship on the part of 

* The reason of this difiFerence between the London 
and other Tables^ will be given at the end of the sc*- 
cond Essay. 

the 
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the woman, and consequently the number 
enquired after in this Question. The marr 
riage of widows will also diminish this num« 
ber, and the operation of these causes will 
be different in different situations. But it is 
by no means to be expected (in the situation 
of the societies I have in view) that the di- 
i. minution from the latter cause will be con- 
'** siderable enough to overbalance the opera- 
tion of all the other causes which have been 
mentioned, and reduce the number under 
consideration so low, as half the number of 
marriages'. 

SCHOLIUM. 

• In London it appears, that there is a re- 
tardation of the decrease in the probabilities 
of life, which renders the duration of survi- 
vorship between two lives of equal ages, con- 
siderably longer than their joint continuance. 
It seems worth observing, that this is the 
reason why, though the probabilities of life^ 
and therefore the values of single and joint 
lives, are less in London than in other places^ 
yet the values of reversions depending on sur- 
vivorships, are in some cases greater there. 
It is proper to add, that this iikewise is the 
reason why, in calculating the values of joint 
lives and reversions, the present value of an 
annuity payable yearly to the survivor of two 

^ It will be observed hereafter, that this observation 
has been found to be true in fact. 

equal 
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fsqOdl lives, may <x>ine out equal to, or even 
greater than, the present value of a like an- 
nuity for the joint lives. As an annuity, 
dimng 8uch survivorship, will probably not 
become payable for some years, and there- 
fore :the money given for it will have time 
toaccumukte, it is manifest, that the value 
of it could never be equal to the value of an 
asmuity on the joint lives, the .payment of 
nrhich b^ns immediately, were not the ob- 
lecvation now made true. 

QUESTION III. 

*' Such a society as that described in the 
^ preceding Questions being supposed ; in 
^ what time will the number of annuitants 
^ upon it come to a maximum f* 

ANSWER. 

In order to be more clear in answering this 
Question, I will first suppose the society to 
comprehend in it from its first establishment^ 
all the married persons of all ages in any town 
or country, where the number of people con- 
tinue constantly the same. In this case, the 
whole collective body of members will be at 
their greatest age at the time of the establish- 
ment of the society: and the number of 
members, together with the number of wi- 
dows, left every year, will, taking one year 
with another, admit of no increase or dimi- 
nution. The number of widows in life to- 
gether, derived from any given number eom- 

1 ing 
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ing on* a society every year, vrill increase eoip- 
tinually, till as many die off as ate added 
every year; that is till they come to die dff 
as fast as possible. But they cannot die o£F 
as fast as possible, till the vsrhole -collective 
body of widows are at their greatest age : :oi^ 
till there is among them the greatest number 
possible of the oldest widows; and, therefcn^ 
not till there has been time for an ac^ 
cession to the oldest widows, from rthc 
youngest part of the widows that come eii 
annually. 

Let us, for the sake of greater precisian, 
divide the whole mediifm of vridows .that 
come on every year, into dilferentiClassasiae* 
cording to their difierent ages, aird suppott 
some to be left at 66 years of age, some At 46, 
some at 36, and some at 26. The widows^ 
constantly in life together, derived from the 
first class, will come to their greatest. ^^ 
and to a maanmutn, in so years, supposing^ 
with Mr. DeMoivre,s6 to be the utmost 
extent of life. The same will happen to 'the 
second class in 40 years, and to the thivdin 
50 years \ But the whole body, compoeod 
of these classes, will not com^ to a nmti^ 
mum, till the same happens to the fourth^or 
j'oungest class; that is, not till the endiof 
6o years. After this, the affairs of thesodety 

^ In note {A), at the end of the Sd-Yolunie, « nrie'it 
given by which the numbers alive* at lhecnd'of<:aDy pfif« 
ticular number oi years may be very. eauUy deteraiiued. 

will 



'-. 



12 Questions concerning 

will become stationary, and the number of 
annuitants upon it of all ages will keep 
always nearly the same. 

Such is the answer to this Question, sup- 
posing a society to begin with its complete 
number of members, consisting of married 
persons of all ages, in the same proportion to 
one another, with the proportions in which 

they exist in the world. If it begins with 

its complete number of members, but at the 
same time admits none aboye a particular 
age: If, for instance, it begins with 200 
members all under 50, and afterwards limits 
itself to this number, and keeps it up by ad- 
mitting every year, at all ages between 2Q 
and 50, new members as old ones drop off; 
in this case, the period necessary to bring on 
the maximum of annuitants will be just dou- 
bled. For, in the first place, the whole col- 
lective body of members will be 6o years in 
getting to their greatest age, as may easily 
appear from what has been just said. The 
annual medium of widows therefore, that 
will come on the society will increase con- 
tinually for 6o years ; it being evident, that 
the older any set of married men are, taken 
one with another, the faster they will leave 
widows. And after this annual medium is 
increased to a maximum, 6o years more will 
be necessary to biing to a maximum the num- 
ber in life together, derived from such a^xed 

annual medium constantly coming on. If 

sucU 
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such a society is any number of years in gain- 
ing its maximum of members, the time ne- 
nessary to bringon the mcmmum of annmiants 
will be still further prolonged, and will be 
equal to twice 60 years with that number of 
years added. — Most of the societies for grant- 
ing annuities to widows are of this kind: 
and, therefore, supposing them to gain their 
complete number of members in ten years, 
and for ever afterwards to preserve it, the 
number of annuitants upon them viill go on 
increasing for 130 years — It is proper, how- 
ever, to be remembered, that the increase 
will be quicker at first, and afterwards slower; 
aftd that, within 20 or 30 years of the end 
of this term, it will be so slow as scarcely to 
be sensible, though still real. 

All who will bestow due attention on this 
subject must see these decisions to be just; 
and a demonstration of them might be given, 
in a form more strictly mathematical, were 
it necessary. 

QUESTION IV. 

*' Suppose the members of such a society 
'* as that described in the preceding Qu^s- 
*' tions, to chuse making annual payments 
*' during the continuance of marriage, in lieu 
" of the sum which the reversionary annuity 
^ for their widows is worth in present mo* 
*' 7iey : What ought these annual payments 
•* to be, estimating interest at 4 per cent f^ 

ANSWER. 
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ANSWER. 

I 

This will be easily determined, by finding 
what annual-payments, during two joint lives 
of given ages, are equivalent to the value of 
the reversionary annuity in present money. — 
Suppose, as in Question I. the two joint lives 
to be each 40, and the reversionary annuity 
^30 per annum. An annual payment during 
Ifie continuance of two such lives is worth, 
according to Dr. Halieys Table of Observa- 
tions,, 9.82^ years purchase. The annual 
payment then ought to be such as being mul- 
tiplied by 0.82, will produce"* ^101 .1, the 
present value of the annuity in one payment 
by Question I. Divide then ^101.1 by 
9; 82, and the quotient y or ^10.3 will be the 
answer. — ; — ^This is very nearly the annual 
payment of all the members at an average, 
supposing equal numbers to offer themselves 
for admission of every age between 30 and 
ao. As much as some give less, others 



J See Tabic VH. Vol. II. 

"^ Particular notice should Idc taken of the method of 
Hcytatton here used, because it will be carried through the 

^Rfhole of Ais woA. 'i-bc figures on the right hand of 

tli« fuU-point signify tlui decimal pai*^ of ^1. Thus.; 
4^101.1, is 101 and the 10th of £\ or ^101 and 2^.— 
1^9.3^, fe j^, and 39th luindredths of ^l or £^ 7s. 
KW.-— ^ll'.38, b ^11, and 3S hundredths of ^ei 

Hf^ll 6s, td. In general; it should be remembered^ 

that, a shillings, allowed for- every unit in the first placQ 
^d^cjmal^, audi two-pence half-penny for every unit in 
the tecond place of decimals, will give, nearly cootigh, 
the value of the decimal part of every such expression. 

ought 
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ought to give more^ accoix&ig to their eK« 
cess of age. Thus, the jumual payment of 
a married person^ 3o years of age, ought to 
be ^9.391; and of a person 50 years of agi^ 

^1 1.3 »". ^If the values of joint lives, and 

of the reversionary annuity are taken agree- 
ably to the London Table of Obsenrations^ 
these annual payments will be, for 30 years 
of age ^ <5€ 10.9— for 40, ^12,6-r.for 50; 

If either the rate or interest is supposed 
lower, or wives are supposed younger than 
their husbands, the annual payments wUI be 
increased. But there is no occasion for point- 
ing out particularly the difE^ence. It may 
be easily found in any cases by the directions 
now given. There is, however, one obseiv 
vation which ought to be here carefully at- 
tended to. — ^This method of calculation sup- 
poses, that the first annual payment is not 

" These payments by the Northampton TaUe are 
jf 9. 1 9 and c^ 1 1 .82 respectively. M. 

** The value of two joint lives of 80, taken (rom Table 
XII. Vol. II. is 9.6. This subtracted from the value dT 
the life in expectation^ or from 13.1, by Table XL 
gives 3.5, the number of years purchase which an an« 
imity for a life of 30 years of age, after another life of 
the same age, b worth. This remainder, multiplied by 
30, gives j^'lOS, the value in a single payment, sumiosiiir 
the reveTBlc^nary annuity to be ^30. And ^£"105 divided 
hy 9.6, gives <^10.9, the value of the same annuity in 
annual payments, during the joint continuance of the two 
lives, according to the London observations. — By similar 
op^ations all the other values above given have been 
found. 

to 
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to be made till the end of a year. If it is to 
be made immediately y the value of the joint 
lives will be increased one years purchase; 
and, therefore, in order to find in this case 
the annual payments required, the value in 
present money found by Quest. I. must be 
divided by the value of the joint lives in* 
creased by unity, and, in this way, the pre- 
ceding values at 4 per cent according to the 
Breslaw Observations, will be found to be 
dE8.Q2 — <^9.35 — £ 1 0.07 P — According to 
the London Observations, ^10, — j^ll.2, — 

QUESTION V, 

^ A society may chuse to make abate- 

* ments in these annual payments, and to 

* require the remainder of the value of the 
^ reversionary annuity to be given, in fines 
^'-or premiums, at the time of admission. It 
^ may, for instance, chuse to fix the annual 
•* payments of all the members to 5 guineas. 
** What, in this case, would be the premium 
** due at admission, the annuity being sup- 
^ posed «5^3o per annum, and interest being 
^ at 4 per centf' 



ANSWER. 

From the whole present value of the an- 
nuity in one payment, subtract the value of 

' By the N&rlhajnpton Table, jf8.45, ji9.3e, and 
jflO.$. M. 

6 guineas 



6 goineBs per annuffiy duiidg the joint lives; 
and the; n^mainder will be the answer« 

Supposing the Joint, lived both 40, the 
whole present value of the annuity in one 
payment i^i according to the Breslaw Obser^ 
vationsy ^loiA, by Quest. I. — ^The value 
of 6 guine^fi per annum^ or of xi£5.25 per 
afifium, during two such joint lives, is 
^5.25f. multiplied by the value of the joint 
lives: that is, 5.25, multiplied by 9.82, or 
^51.55 ; and this subtracted from ^loiA, 
gives 5^49.55, the answer required for two 
lives at the age of 40. The answer found 
in the same way for two lives whose com- 
mon age is 30, • is i5^40.5, — and' for two 
lives at 50, ^5o^. '; 

According to the London Observations^ 
these yiilues are, for two lives, at 30, 

^54.6:— At 40, ^59.4.~At 50, ^63.3. 

If the t^rst of the annual payments is to be 
made immtdiately, the true answer will, in 
every instance, be the values found in the 
manner now directed, diminished by the an- 
nual pajiAent; or, in the present case, 5 
guineas les^ than the values specified. 

The values, in single and annual pqy-^ 
ments, of any other reversionary annuity, will 
be as much gr'eatex or less than thes^ as the, 
annuity itsdff is greater or less. *^ ' 

^ These three values by the Northampton IViUe are 
jr49.75, jf 44.65 . and ^53 .05 . M. 

* VM. I. C QUESTION 
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QUESTION VI. 

*' A person 3fl years of age wants to buy 
*' an annuity, for what may happen to re- 
main of his life after 50 years of age. 
What is the value of such an annuity in 
'^ ready money, and also in annual payments, 
'' till he attains to the said age ; that is, in 
" annual payments for 1 5 years> subject in 
•' the mean time to failure, should his life 
" fail ?'• 

ANSWER. 

The present value of such an annuity is 
the present value of a life at 50, in money to 
be received 1 5 years hence, and the payment 
of which depends on the contingency of the 
continuance of the given life 1 5 years. That 
is; it is equal to the value of a life at 50, 
multiplied by the'preserit value of ^l to be 
received at the end of 1 5 years^ and also by 
the probability that the ^ven life; will coor 
tinuie,s6. long-— A life at 50, according to 
Mr. De Mmvres valuation of lives, and 
reckoning interest at 4 per cent, is worth 
11.34 years purchase. The present value 
of £\ to be received at the end of 15 yearsu 
ii^ by Table I. Vol. II. p.5553. And the 
probability that a life at 35, will continue 15 
years, is; according to the Breslatv Observa- 
tions :J4t '• And these three values> multi- 
plied 

' The prgbabiJky that a given life shall contioue any 
nuxn^r of fears, qt reach a given age, b (as is well 
^ (known) 
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plied by one another, give 4.44, or the 
number of years purchafiie that ot^ht to b» 
given for the annuity.— The annuity then 
being supposed sBso, its value in present 
money is ;s^223. 

In order to find this value in annual pay- 
ment^, while the given life is attaining 50, 
it is necessary to find the value of an annuity 
for 15 years, subject to failure on the ex- 
tinction of the given life. And the value of 
such annuity is, evidently, the last value 
subtracted from the value of the given life ; 
or, in the present instance, 3B4A4, sub- 
tracted from sB 13.97. (See Table VJ. 
Vdl. II.) that ,is, ^9.5S. — ^^22 2 then, 
beii^th^ present value of an annuity of ^50 
for the remainder of a life now 35, after at- 
taining 50; and g.93 being the number of 

Icnown) the fraction, whose mmeratar is Uie number of 
the living in any l^ble of ObBemtiona opposite to the 
^ven agt and denominator, the nunilief opposite to tbe 
present age of tbe given life. Thus, in the present in- 
stance ; ji4G is the number in Dr. HaUey's 'j'able oppo- 
site to 50, and 490 the number opposite to 35. *^ (or 
the odds of 17 to 7) Ui therefore, the probability that a 
person wliose age b S5 shall attain to 50, or live IS years. 
In the same manner it will appear, that, according to the 
Hme Tnble, the probability that a person tit this age jihall 
live 35 yean, is |f^; or nearly an even chance. 

At Imiinck and Northampton a peiion at the same eg^ 
has an eren chance of living 26 years; but in London. 
scaKcly 20 ^rs. See Tables V. Vlll. IX. and XVII. 
at the beginning of Vol. II. I will add, though foreign 
to piy present purpose, that a person at the same age has 
in these towns a better chance of living one vear, than 
ia Londim, in the proportion of 3 to 2. 
C 3 
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years purchase, which ought to be given for 
an annual payment to last 12 years, if a life 
now 35 lasts so long, it follows that the 
value of the same annuity in annual pay- 
ments, till this life attains 20, is c^222 di- 
vided by 9.53 ; or ^23,3. 

This calculation supposes, that the first of 
the annual payments is no^ to be made till 
the end of a year. If the first payment is 
made immediately, the value will be, the 
single payment divided by the value of the life 
for the given term increased by unity ; that 
is, in the present case, ^'222 djlvided by 
10.53; or J^21.08^ 

If the value of the annuity is required in 
a single payment, over and above any given 
annual payment; deduct the value of the an- 
nual payment from the ^vl^ole value in a sin- 
gle present payment, and the remainder will 
be the answer. — ^Thus, let 5 guineas, in the 
present instance, be the given annual pay- 
ment for the assign^ term ; and let the cn- 

' Ic never happens ttiat the annual payments are made 
in this manner — ^Tlie usual, indeed the invariable method 
Uj to advance the first payment immedsateW, and the re- 
maining ones at the vtginning of each of the following 
years ; so that the number of payments shall be equal to 
the number of years. — ^The single payment therefore 
ought to be divided by the value uf the life for <me year 
less them the given term increased by wiity ; hence j^222 
in the present case, instead of being divided by ^10.53, 
should be divided by J? 10. 18, (or the value of the liGe 
for 14 years increased bv unity,) and consequently the 
annual payment will be ^2h8, which agrees nearly with 
the same payment found by the Northampton Table. AL 

quiry 
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qaiiy be, how much more, in present aone;^ 
the supposed annuitj is worth* By whaA 
has been Just said, 9*5 Sf multiplied by 5 
guineas^ that is, ^50 is the value of the 
annual payment; and this sum deducted 
from ^222, leaves ^172 the answer. 

If the annual payment be^s immediately, 
its vahie is 10.53, multiplied by 5 guinea^ 
and the answer comes out ^166.7 5 \ 

In this way may be found the value, in 
single and annual payments, of any other 
annuity, payable to an assigned life, after a 
given term of years, taking any valuation of 
lives or interest of money. But care must 
be' takeh to remember, that it is the title to 
the annuity that will commence at the end 
of the given term, and that the first payment 
is not to be made till a year afterwards ; 
that ilk, in the case here specified, not till 
the end of 16 years. 

SCHOLIUM. 

The value of the remainder of two joint 
lives, after a given term of years, is likewise 
the value of ^1 due at the end of the given 
term multiplied by the value of two joint 
lives, each older by the given term than the 
given lives ; and this prdduct, multiplied by 

^ If the paymeDts are coniiQed to the b^inni^g of 
each year, (Sec note, page 20^ 5 {guineas should be mul- 
tiplied into 10. IB, and the answer will then be jf 168.55. 

M. 

2 the 
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the probability, that the given joint lives shall 
not fail in the given term ; or (which is th& 
same) by the product of the two probabili* 
ties, that the single lives shall each continue 
the given term. And the value of an an- 
nuity, on any given joint lives for a term of 
years beginning now, is this last value sub- 
tracted from the whole present value of the 
joint lives. Thus ; >the value of two joint 
lives, one 40 years of age, and the other 50, 
(see Table VII. Vol. IL) is 8.©! ; which, 
multiplied by 0.6755, the value of ^l due 
1 years hence, and 1^ 4tt (the probability 
that a life at 30 shall continue 10 years) 
and also by4-J4» (the probability that a life 
at 40 shall continue 10 years) give 3.92, the 
present value of the remainder of two joint 
lives, aged 30 and 40, after 10. years; and 
this value, substracted from 10.43, (the va- 
lue in Table VII. ibid, of two joint lives, 
aged 30 and 40) leaves OJSl, their value for 
JO years. 

As the value of the longest of two lives is 
always the value, of the Joint lives, sub- 
tracted from the sum of the values of the 
two single lives; their value also for any 
given term, is the value of the joint lives 
for the given term, subtracted from the sum 
of the values of the' singte lives for the given 
term. 

The truth of these rules may easily ap- 
pear without particular proof. I have, 
however, pointed out the method of de- 
monstrating 



"^ 



Reversionary Annmt'tes, &c. 23 

monstrating them in a note" at the end of 
this work. 

By similar opnations, may be found the 
values of three or more joint liv^, or the 
longest of three or more lives, for a given 
term of years, or of what sb^ remain of 
them after a given term of yean. 

aUESTION VU. 
" The present value is reqxiired of an anr 
'* nnity to be enjoyed by one life, for what 
" may happen to remain of it beyond an- 
" other life, after a given term : that is, 
" provided hoik lives continue, from the 
" present time, to the end of a given term 
" of y^rs ?" 

ANSWER. 
Pind the value of the annuity for two 
lives greater, by the given term of years, 
than the ^ven lives. Discount this value 
for the given term ; and then, multiply by 
the probability, that the two given lives 
shall both continue the given term : and the 
product will be the answer. 

EXAMPLE. 

Let the two lives be each 30. The term 

seven years. The annuity ^10. Interest, 

4 per cent.- • - T he given lives, increased by 

7 years, become each 3?. The value of two 

■ See note (B) at the end of Vet. IL 

joint 
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joint lives each 37, is (by Table VII. VoL 
ll.) 40.25, The value of a single life at 
37, is (by Table VI. ibid) 13.67. The 
former, subtracted firom the latter, is 3.42, 
or tha value ot an annuity for the life of a 
person 87 years of age, alter another of the 
same age, by. Quest X — 3.42 discounted for 
7 years, (that is, multiplied by 0.76, the 
value of ^1 due at the end of seven years 
by T^ble I, Vol. II) is 2.6.— The proba^ 
Hlity that a single life at 30 shall continue 7 . 
years, is (by the hypothesis explained page 
2:) yi% Tbp prooability, therefore, that 

two 

* In this case, it is on somis accounts best, as well as 
easiest, to take the probabilities of life from the liypo- 
thesis, rather than immediately from the Tables. — Finy- 
six persons being supposed alive at 30, one will die every 
year, according to the hypoithesis. At tlie end of seven 
years then, the number of the living will be 49» and \^ 
or the oddi of 7 to 1,' is, by note, p. 18, the probability^ 
that a life, aged 30, will continue 7 years; and this frac- 
tion, multiplied by itself, is the probability, that two 
lives of thb age shall loth continue 7 years. In general, 
it must be remembered, that the probability, that any two 
or more evepts shall aU happen, is the product arising 
from multiplying by one another, the probabilities of aU 
the events taken separately. The probability, therefore, 
that any number of persons will au live any given time, 
b rightly found bv multiplying into one another the pro- 
babilities that each of them will liv« that time. It may 
further be of use to some, that I should observe here». 
that the difference between unity and the fraction ex- 
pressing the probability that an event will happen, gives 
the probability that it will not happen. Thus; the pro-, 
babilicy, that a person 40 years of age will live 11 years, 
is by the Br^jltiw Table, (or Table V. Vol. II.) ^^ ^ 
The probability^ therefore^ that he will mt live 1 1 years. 



IS 
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two such lives shall both continue 7 yean, 
is 4-t44> or> in decimals 0.765. And 2.6, 
niultipUed by 0.765, is i,gsp, the number. 
of years purchase which ought to be given 
for an annuity, to be enjoyed by a life now 
80 years of age, after a life of the same age, 
provided both continue 7 years. The an- 
nuity then being j^io, its present value is 
^19.89. 

By similar operations, it may be found, 
that supposing the term rone year, and the 
ages and the rate of interest the same, the 
present value of the same rerersionaxy an- 
nuity is sBs2.4; and that if the term is 15 
years, the value is ^9.7 y. 

For two lives each 40, these values are 
^^30.33. — sB\7-44. — 3^7.8, the term being 
1, 7, or 15 years. 

For two lives each 5o, the same values 
for the same terms, are ^28.2—5^13.86 — 

^4.34 ^ 

These values, according to the London 

is JJI subtracted front unity or H'. In like mannrr : 
The probability that two persons a^d 30 shali lolA live 
7 yetn, being 0.760, the probability that they will not 
both live so lon^, or that one or other of them will die ia 
7 years, Is 0-765 mbtracted fiom unity, or .235. 

If any reader !■ unwilling to tnke theae asfcrtions for 
granted, he should consult the beginning of Mr. J)e 
Aioivn's, or Mr. Simpam's Treatises on the Ductrine of 
Cliances, where be will find them demonstrated. 

r By the Narlhamplon TabTe jflO.03, and the six 
following values by the same Table are ifSI.Ol, jf 17.89, 
j^7'f>l> j£'2t».66, 4rH.S, and jgi.Si. M. 

* See. Note (C) at the eud of Vol. U. 

Observations 
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Observations and Mr. Simpsons Tables of 
the values of single and joint lives, are, 
For 2 lives at 30— /.32.05— /.I8.62 — L7.66. 

at 40 — 1.30.7 — /.1 5.6 — /.5.45. 

at 50 — L2Q.36 — /•12.33 — /•3,24. 
QUESTION VIII. 

^' Let the scheme of a society for granting 
" annuities to widows, be, that if a menaber 
"lives a year after admission, his widow 
^ shall be entitled to a life annuity of ^20. 
^ If seven years, to ^10 more, or ^3o in 
'* the whole. If ffteen years, to anotheV 
''additional 5^10, or ^40 in the whole. 
" What ought to be the annual payments of 
*' the members for the ages of 3o, 40, and 
" do, supposing them of the same ages 
*' with their wives, and allowing compound 
'* interest at 4 per cent ?" 

m 

ANSWER. 

According to the hypothecs, explained 
p. 2 ; and, therefore, very nearly according 
to the Tables of Observation for Breslaw 
and Nortvich, or Tables V. and VIIL at the 
beginning of Vol. 11. 

^8.44 ; ^8.69 ; ^Q 05. 
According to the London Observations. 
^9.41; ^10.17; ^1O.02\ 



^ According to the Northampton Table jtS,S4 ; ^.91 ; 

These 
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These values are easily deduced from the 
values in the last Question. For example. 
The value of ^lo per annum for Hfe to 40 
after 40, provided the joint lives do not ^il 
in one year, is, according to the hypothesis^ 
^30.33. The value of a£20 per anrntm^ 
in the same circumstances, is therefore 
^60.66. In like manner, the value of 
^10 after seven years, is a^l7.-l4. And 
of iSlo after X5 years dB7-S. These values 
tt^ether make ^65.4, or the value of the 
expectation, described in this Question, in 
a single present payment ; which, divided by 
9.82, the value (by Table VII. Vol. II.) of 
two joint lives at 4o, gives ^8.6g, the va- 
lue of the same expectation in annual pay- 
ments, during the joint lives. In the same 
manner may be found the answer in all cases 
to any Questions of this kind. 

These calculations suppose, that the an- 
nual payments do not begin till the end of 
a year. If they are to b^In immediately, the 
true annual payments will be, as was before 
observed, the ^ngle payments, divided by the 
valqe of the joint lives increased by unity ; 
qnd in the present case they wilt be, by the 
hypothecs, 

^7-73; 567.9: £b.Q7. 
By the hondon Observations, 

^(^8.52; 5^9.06; 4eQ.!i\\ 
■■ B; ibe ^trthan^ton ObxivaitioDi atJJS^, £8.09, 
6 By 
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By the method of calculation now ex- 
plained may be easily found in ali cases, 
supposing the annual payments previously 
setdedi what are the reversionary annuities 
corresponding to them in Talue. Thus^ the 
annuities being the same with those men- 
tioned in this Question, the mean annual 
payments for all ages between 3o and so, 
are nearly ^8 according to the highest pro- 
babilities of life ; ^9 according to the loud- 
est; and 8 guineas the medium^; interest 
being at 4 per cent, and the first payment to 
be made immediately. 

If the mean annual payments, banning 
immediately, are fixed to five guineas^ the 
corresponding life annuities will be' nearly 
(by the hypothesis) ^i 2, if the contributor 
lives a year, and ^24 if he lives seven years; 
or (by the London Observations) ^12 if he 
lives a year, and ^2o if he Uvcs seven 
ycars^. 

It 

^ The Taloe of this expectation, supposing married 
men 40 years of age, and their wives SO, b, m a single 
paymenti if'llS. In annual payments beginning imme- 
diately, jeBJBSf by the hypothesis. And jflOJ.— and 
^10.93, by the London Observations. (/•) 

{h) By the Northampton Table ^1 16-4 and ^10.13. 

M. 

' If the annuities in expectation are if 14 provided a 
member lives a year, and ^20 provided he lives seven 
years, the proper mean single payments for all ages, taken 
Dne with anotner^ under 50 or 52, is 50 guineas nearly, 
according to ail the Tables of Observation, supposing 
equality of age between men and their wives. And thtf 

addition 



It is oljservable^ that the dL^rence in the 
values of the annuities, arising from difier- 
ence of ag^s and the dif&rence in the pro- 
babilities of life^ is less in this Question than 
in Question lY ; and that, consequently, the 
plan proposed in it, is the safest, as well aa 
the most equitable and encouraging, that a 
aociety can adopt. 

. It is necessary to remark here further, that 
yearly payments which begin immediately, 
are more advantageous than hadf-yearly pay* 
ments which begin imn^ediately. In an £ssay 
published in the Philosophical Transactions ^ 
Vol. LXVI. p- 109, and inserted in the 
latter part of this volume, I have shewn 
tlyat in the case of life-annuities, half-yearly 
payments which begin at the end of half a 
year, are nearly 9 ^ih of a year s purchase 
better than, yearly pay ipeqts which begin at 
the end of a year. And it is manifest^ that 

apdition which ought to be made, on account of excess 
#f age oa the. man's side, is, taking the nearest and the 
easiest round sums, about a guinea and 4- for every year 
as frr as 1/ yean; or, in ^e annual payments, (sup-> 
posed 5 guineas) i a guinea fftr annum fijr five years es- 
eeo^ and 4 a guinea mcure ' for every four years excess 
beyond five y^rs, till the excess conies to be 17. years. 
And, I believe, that 60 guineas in single payTnents, and six 
guineas in armwd paymenii beginning immcdiatdy, may 
very well be stated as the iowest common payments proper 
to be required, supporing all married men under 52, taken 
into a society, without inquiring into the difference of 
age between tbcm and their wives, the annuities being 
alt alopg supposed to be life annuities* and interest reekoned 
at 4 ptr cent. 

half- 
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* 

half-yearly pa3mients, which begin immedi'- 
ately, are no more than half a year's pur- 
chase better than those which begin at the 
end of half a year. But yearly payments, 
which begin immediately, are i umole years 
purchase better than the same payments to 
begin at the end of a year. The difference 
of value, therefore, between yearly and half 
yearly payments, supposing both to b^n 
immediately, is three tenths of a year's pur* 
chase in favour of the former. The whole 
of this subject may be seen accurately stated 
in the essay just referred to. 

QUESTION IX. . 

" The value is required of an annuity to 
" be enjoyed for what may happen to re- 
*^ main of one life aifler another, provided 
*" the life in expectation continues a given 

"timer '■ J. ■- 

ANSWER. 

Find by Question VI. the present value of 
the anu)iity for. the reQiainder of ttie life in 
expectation, after the given time, and multi- 
ply this value by the'^robabilitj^ that the 
other life shall fail within that Ume. Find 
also by Question VIL tlie value of the rever- 
sion, provided both lives continue the given 
time. Add these vialues to one another, and 
the sum will be the answer in a single present 
payment. 

EXAMPLE; 
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EXAMPLE. 

Anannuity of ^lofor the life of a person 
now 30, is to commence at the end of 1 1 
years', if another person now 40, should 
oe then dead ; or. If this should not happen, 
at the end of any year beyond 1 1 years in 
which the former shall happen to sun'ive the 
latter: AVhat is the present value of such an 
annuity, reckoning interest at 4 per cent, and 
taking the probabilities of life as they are in 
Dr. ffaWcy'ff Table, or Table V. at the begin- 
ning of Vol. II. ? 

The -value of ^^lo per annum, for the 
remainder of the life of a person now 3o, 
after I \ years, found by Question VI, is 
d^QQAZ. The probability that a person 40 
years of age shall hve 1 1 years, is, by Dr. 
'Hollers Table, 4^4. The probability, there- 
fore, that he will die in 11 years, is 444 
subtracted from unity ^ or 4^4' vtrluch mul- 
tiplied by 3^69.43, gives ^17.16. The 
value of the reversion, provided both live 11 
years, found by Quest. VII. is £\7,2Z. 
And this value added to the former, makes 

' That u, tKe title to the annuity is to commence at 
the end of 1 1 years, and the first payment to be made ■ 
year afterwards, in pise the life ia expectation sliould 
continue sQ' long, and the othei &iU. But if boik Hves 
should continue the given term, the first payment is 
always to be made at the end uf the year, in which the 
fonner life ilioll happen to uiivivc; the iuttcr. See 
Quest VI. 

' See the Note, p. 24. 

^34.39 
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^34.3Q the value required in a single pre^ 
sent payment; which paj^^ment divided by 
^n.43, (the value by Table VII. Vol. IL 
of two joint lives, aged 30 and 40, with 
unity added) gives aeS^; or the value re- 
quired in annual payments during the joint 
lives, the first payment to be made immedi- 
ately. — ^If, every thing else being the same, 
the assigned term is 1 5 years, the value re- 
quired will be £2Q in a single payment, and 
i^2.55 in annual payments. 

QUESTION X. 

*' What money in hand, or in annual 
*' payments during life, ought a person of 
'^ an assigned age to give for a sum of 



> See the demopstrat^xa of this nile in Note (DQ 
Vol. Il.(f) ■ ^ 

(c) This demonstration is derived from Mr. De Afhivre*s 
fajrpothesis, and therefore I have addod in tlie note above- 
mentioned another demonstration founded on the 'real 
probabilities of life, fiom which t(;e fbllowing nile is 
obtained, which is rather more concise than the rule 
given by Dr. Price. — " Fmd by Quest. VI. the value of 
** the annuity for the remainder of the life in expectatioa 
** after the given time- Find also by the Scholium to 
*^ the same Question the value of t)ic annuity for the 
*' remainder of the two joint lives after the giwn time. 
*^ The latter subtracted from the former will Ke the value 
** required." — Thus; the value of an annuity of jf'lOon 
a life of 80 after II years is jff;l>.4? — the value of the 
like annuity during the remainder of two joint Hves aged 
30 and 40 after 1 1 years is ^'35 08 Sabtracting this 
ktter sum from the former we have .£'84 5^, as given 
above, for the value required By the Li/rihumpton 
Table tba value of this annuitf is ^33.77. M. 

none}', 
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'^ money, payable at his death to his heirs ^? 
" In other words, what money in hand* or 
*' in annual payments during life, ought a 
^' person of a given age to pay for an assu- 
'* ranee of any given sum on his lifeT 

ANSWER. 

Subtract the value of the life from the 
perpetuity. Multiply the remainder by the 
product of the given sum into the interest of 
^100 for a year: and this last product, di- 
vided by ,^ 1 00 increased by its interest for a 
year, will give the answer in a single present 
payment And this payment, divided by the 
value of the life, will give the answer in 
annual payments, during the continuance of 
the life. 

Examplie. Let the life be 30. The sum 
^100. ^JTbe valuation of lives, that in 
Table VI. Vol. II. and the rate of interest 
4 per cent, ^fhe perpetuity, therefore', is 
2 5 . The interest of ^ l oo for a year is ^4 ; 
^BloOy increased by its interest for a year, 
is ^104. And the value of the life 14.68. 
The value of the life, subtracted from the 

^ This Question is the same with Problem 16th, ih Mr. 
De Mfiwrt^s Treatise on Annuities, and Problem 26th, 
iu Mr. Simpson's Select Exercises; but the answers there 
given are right only when applied to reversionary estates^ 
ahd therefore must be materially wrong when applied to 
reversionary sums^ as will appear from the Scholium to 
tbis Question, and from Note (£) at the end of this Vol. 

' That is ; the value of the Jee-simtle of an estate 
found by dividing, i^ 100 by the rate of interest. 

VOL. I. D perpetuity 
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perpetuity, gives 10.33, which, multiplied 
by the product of cS^^ioo into 4, or by «400, 
gives 4128. And this, divided by 104, 
gives ^39.7, the value of ^100, payable 
at the death of a person aged 30, in a ^single 
present payment — And this payment, di- 
vided by 14.68, is ^2.7, the same value in 
annual payments during the continuance of 
the life. 

These values found in the same way agree- 
ably to the valuation of lives for London, in 
Table XL Vol. 11. are ^45.76, and ^3.49. 
If the life is 36, and interest 4 per cent these 
values are ^43, and ^£3.1, bv Table VI. 
Vol. 11. and ^4.1, by Mr. Simpsons va- 
luation of lives for London in Table XI. — ^If 
interest is reckoned at 3 per cent, the same 
values are, by De Moivres valuation of lives, 
for 30 years of ^gp, ^48.14, and 2.86— 
For 36 years of age, 51.43, and ^3.28^ 

It appears here, that difference of interest 
makes no considerable difference in the an- 
swers to Questions of this kind, except when 
the values are required in a single payment 

If the first of the annual payments is to be 
made immediately, the single payment is to 
be divided by the value of the life, with 
unity added to it, agreeably to what has been 
already observed ; and the annual payments 
in this case (interest supposed at 4 per cent) 

^ Tliese values by the Northampton Table are ^47.8 
and je2JB3, apd ^51.28 and j£S.26. M. 

WUI 
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Will be by Mr. De Mmvres yaluation of lives 
(or Table VI. Vol. II.) for a life at 80, 
^2.53— At 36, <£'2.9. 

If the payments are half-yeiariy payments 
beginning immediately, the single payment 
must be divided by the value of the life in- 
creased by seven tenths, (see Question VIII. 
page 2Q.) And the half-yearly payments, 
for the age of 36, will be half 2.96, or 1.48. 
And half 1.461, or .74, ih likewise nearly the 
proper quarterly payments. 

Again ; if an annual payment, beginning 
immediately, of <£2.q, ought (reckoning in- 
terest at 4 per cent.) to purchase ^'100 pay* 
able at the failure of a life now 36; £6, by 
the rule of proportion, ought to purchase 
<£l72. And in like manner, it may be 
found, that the same annual contribution, in 
half-yearly or quarterly payments, beginning 
immediately, ought to purchase j£*17o.— 
These sums, according to the London Obser- 
vational are 061 32 and Xl3o nearly. 

The reason of mentioning these particu- 
lars will be seen in the next chapter. 

SCHOLIUM. 

If the reversion is not a sum, but an an- 
nuity for cver^ or an estate in fee^simple, to be 
entored upon after a given life, its present 
value^ in a single payment, will be '' the value 
*\ of the life subtracted from the perpetuity, 
'^ and the remainder multiplied by the an- 
* tnuty, or the annual rent of the estate.*' 

D 2 And 
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And the value, in annual payments, will be, 
as before, the single payment divided by the 
value of the life. Universally. It ought to 
be remembered, that a reversionary estate, 
after any given life or lives, is worth as 
much more than a corresponding reversionary 
Slim, as c£loo, increased by its interest for 
a year, is greater than JL loO. Thus, the 
present values, in single and annual pay- 
ments, of JLa per annum for ever, and of 
^'loo in money after any assigned life, are 
to one another, (interest being at 4 per cent) 
as 104 to 100, or l.04 to one. The reason 
of this difference is, that the calculations' 
suppose, that the reversionary sum, and the 
first yearly rent of the estate, or first pay- 
ment of the annuity, are to be received at 
the same time, after the extinction of- the 
lives in possession. It is easy to see, that 
this is a circumstance which must make the 
latter of most value. But to prevent any 
doubts about it, I shall explain it more par* 
ticularly in a note in the Appendix*. 

QUESTION XI. 

**A person of a given age, having a 
*' yearly income which will fail with his 
** life, wants to make provision for another 
** person of a given age, in case the latter 
" should happen to survive. What ought 
*' the former to give in a single payment^ 

^ Vid. AppendisCf Dote (E) at the cud (if tbis Voluvet 

'*cr 
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" or in annual payments during their joint 
" lives for a given sum, payable at his 
*' death to the latter T 

It is manifest, that the value of the given 
sum in this case, must be less than in the 
case stated in the last Question; because, 
here the payment of it is suspended on the 
contingency, that one lite shall survive an- 
other; whereas, in the othepcase, it is cer- 
tainly to be paid at -the fejlure of a given 
life. 

ANSWER. 

Find, by the solution of Problem XXXIl. 
p. 297, Mr. Simpson g Select Exei^ises, the 
value of an estate, corresponding to the given 
sum, and depending' on the given sur\ivor- 
»hip. Divide this value by sBl, increased 
by, its interest for a year, and the quotient 
will be the Rvalue of the given sum in a single 
present payment; And the single payment, 
divided by the vtflue of the ^ven joint lives, 
will be the answer in annual payments 
during the joint lives. 

The solution I have referred to is as fol- 
lows : 

" Find the value of an annuity on two 
" equal joint lives; whereof the common age 
" is equal to the age of the older of the two 
" proposed lives; which value subtract from 
" the perpetuity, and take half the remaio- 
" der, Then say, as the expectation of tha 
«* duration 
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*^ duration of the younger of the two Uvea 
*' is to that of the elder, so is the said half 
'' remainder to a 4th proportional, which 
*' will be the number of years purchase to 
■^ be given for the estate when the life in 
** expectation is the oldest of the two. But 
'* if this Ufe is the youngest, then add the 
*' number of years purchase just found to 
'* the value of the joint lives, and let the 
*^ sum be subtracted from the perpetuity, 
^' and you will also have the answer in this 



^' case™." 



let 

^ Mr. Simpson has given the following example of 
this solution, adfiptcd to Londrm lives :— r-ElxannpIe I. 
*', Suppose the age of the expectant to be 40, of the.pof- 
♦' sessor 30. The rate of interest 4 per cent, and ^thc 
<^ given legacy jfSOOQ or ^iiOO per mmm^. Then*the 
" value of two equal joint lives of 40, being 8.1, (see 
^< Table XII.) and the perpetuity *2ij the remainder cr 
'^ difference will be here 16.9; wiiereof the half is 8.4^. 
"Therefore, it w^U be as 23.6 to 19.6, so 8^45 to 7.02 
" years purchase, or ji\464y the required value." 

jBxample II. ^' Let the age of the expectant be 30, of 
^f t|ie ppssessor 4P, and the rest ds in the preceding ex- 



u 

€€ 



ample. Here the value of the joint lives 30 and 4Q, 
vilfbeS.S; which added to 7*^9 (found above) the 



^ sum will be 15.82; whence the answer, in this 
<* is 9. 1 8 years purchase, or jS 1 836.*' 

I have shewn, that the values of reversionary estatps^ 
and reversionary sumsj are not the same 9s is here sup* 
posed. The rule gives the true value when applied to 
the former; but, wlien applied to the latter, toe values 
given by it aiust be divided by j^"! increased by its in- 
terest for a yfSar, as above directed. The same observa- 
tion is to be applied to Mr. Simpson*s next Problem, or 
the 3dd. 

I *' <^ Examples 23.6 and 19.6, are the expectations, 

ja 'f'able X^ of 30 and 46^ accerdiog to the London Ta- 

2 ble? 
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Let the life in expectation be 30; and the 
other life 40: The sum, 5^100. Interest, 
4 per cent. The valuation of lives, Mr- De 
Maivres, or that in Table VI. Vol. 11. 

The expectation of the first life, is 28 ; of 
the sfxond life 23, by Mr. DeMoivreshypo- 
thesis. The value of the joint lives is 1 0.43 . 
by Table VII. Vol. II. The value of two 
joint lives, both 40, is 9.82, by the same 
Table. The estate corresponding to ^ 1 00 
is £a per annum, and the present value of 
such an estate to be entered upon by a per- 
son 30 years of age, provided he survives a 
person 40 years of age, is, by the rule just 
quoted, ^33.32. And this value, divided 
by ^1, increased by its interest for a year, 
or by 1.04, is ^32.03, the value in a shigle 
' present payment of the sum of ^loo, de- 
pendent on the given survivorship. And 
this single payment divided by 10.43, is 
JC3.07, the required value in annual pay-- 
ments, during the joint lives, if the first 
payment is not to be made till the end of a 
year. But if the first payment is to be made 
immediately, the required value in annual 

bles of Observation ; and the method of finding them for 
any age, and from any Tables of Observation, is ex- 
plained at tlie beginning of the first Essay. 

In Mr. De Moivrc's hyfxdhesis, the expectation of a life 
18 always half the complement. See note, p. 2. Some- 
times the complement of a life is mentioned without any 
view to Mr. De Moivre^s hypotliesis, and it then means 
double the expectation of the life, wliatcver tliat may be^ 
according to any Table of Observations. 

payments 
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payments will be ^32,o3, (Uvided by 1 1:43, 
or ,^2.8. These values, according to the 
X/07?rfo« Observations, or Mr. Simpson sTsf 
bles founded upon them, are ^35.3o, in a 
single payment; and ^3 A in annual pay-- 
mentSj beginning immediately. 

Mn Simpson, in the IVoblems follQwing 
that here quoted, has given solutions of most 
other Questions, concerning the values of 
reversions depending on survivorships, where 
the \v hole duration of two or three lives is 
concerned. And I aai acquainted with no 
other solutions of these Questions, which are 
applicable to all Tables of Observations", and 

which 

" The solutions of this and' the follounig Question 
were certainly tlie Hiost aciTiuate of all that had been 
given previous to the fifth edition of this work. Abovt 
three years before that edition was published, more correct 
solutions of these Quei^tions were communicated by my,- 
self to the Royal Societv, and'puhlbhed in the 77*1* 
volume of the Pliilosophical Traosactioos. Thcsiyhdng 
derived from the real probabilities of life^ depend en no 
hypothesis, and give the exact values in all cases j while 
the solutions of Mr. Simpson, thougli applicable to any 
Tabic of Obser\'ations, arc deduced from the expeciaiums 
of life, and tliercfore can be regarded only as apprexma^ 
fions, even where they happen Xo be most accurate. In the 
earlier and latter [^riods of life, however, they are much 
too incorrect for use ; nor can it indeed be ever necessary 
to have recourse to them, since the exact values may be 
obtained with little or no difficulty from the solutions 
above-mentioned. The general rule for determining the 
value of the reversion in the present Question may be 
expressed as follows : ** I^t F represent a life one year 
" younger, and P a life cne year older tiian B. Multi- 
" ply the value of an annuity on the joint lives of A P, 
" increased by unity, into the probability that B lives a 
1 * " year. 



i( 
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which «t the same time (proper regard being 
paid to the correction explained in the last 

Question) 



f^year. Multiply the difference between the perpetuity 
f' and the value of an aanutty on the joint lires of A B 
'^ into the interest of ^€^1 for a year. Add these two 
** products togetlier, let their sum be divided by ^"^1, in- 
•* crestaed by its. interest for a year, and reserve the quo- 
<< tient. ,{>ivide the value of an annaity on the joint 
" lives of AF.^v the probability that F Uvea a yeai^w— 
" Subtract this from the reserved quotientj^ and tb^ 
" remainder b^ing multiplied into half the given suin 
*' will produce the value required, when B the expectant 
" is the oldest of the two lives.'* If B be the youngest, 
the value will be obtainedy as in Mr. Simpson's rule, by 
subtracting the value of A*s expectation, found above, 
from the whole value of the Reversion after the joint fives 
of A and B, 

EXAMPtB. 

Let it be required to determine the value of ^66 
payable on the death of A, aged IM, should B, aged &f; 
be theii livjug,: computing at J per eent. and ffom/tha 
probabilities of life in the Northampton Table of Obser- 
vations. In this. case the ages of F and P will be; 6G and 
68 years. The value of an annuity on the joint lives 
of AP, by Table XXVIII. and XXiX. Vol. 11. is 5.924^ 
tlic probability that B lives a -year is -f-Jy', 6.924, (or 
5.924 increased by unity,) mtrkipUed into -J-^?, pro- 
duces 6.550. The value of an atniuity on the joint livea 
A B, (or 6.130,) subtracted from 20, the perpetuity, 
leaves 13.87, which being multiplied into .05, or the iur 
t^'st of ^1 for a year, produces .694. Adding this tq, 
the former product^ apd dividing' 7-24 1, (their sum,) hf 
1 .05, we have 6.899 for the quotient to he reserved. The 
value of an annuity on the joint lives of A F, (or 6.331,) 
divided by -Iv^^v^' i^^^ probability that F lives a year) 
quotes G.G^5, which being subtracted from 6.899, the 

reserved 

((/) Or, whicli is the same thing, viulliplied into T^y|. 
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Question) may be considered as suffidentlj 
correct*. 

QUESTION Xn. 

•' Suppose an institution for the relief of 
*' widows to extend its assistance likewise 
^' to the families of married men, provided 
*' they leave, no widows. Suppose, for in- 
*' stance, that in this case children are to be 
^' entitled to ^loo. What is such an ex- 
*' pectation worth, in present payment, in- 
*' terest being at 4 per cent r 



ANSWER. 

If 40 is the mean age at which members 
are admitted on such an institution, and 32 
the mean age of their wives, the answer 
(supposing no subsequent marriages) is, by 
ihe 33d Problem in Mr. Simpsons Select Ex- 
ercises, p. 298, and the cprrection already 

reseriHid quotient, and .224, the remainder, being multi- 
plied into 50, or half the given suni, we have j^' 11.20, 
for the value required. If A liad been 67 and B 24, the 
foregoing value must have been deducted from 66.05, the 
whole value of the Reversion after the extinction of th* 
joint lives of A and B, found by Question X. and the 
remainder, or ^54.85 would have been the answer in 
tills case. These values agree nearly witlv the values by 
Mr. Simpson*x rule. But if the diiference of age between 
A and B is very great, or a Table of Observations is used 
in which the decrements of life are not so regular as in 
the Nortkafifplon Table, the values lly Mr. Simpson's rule 
will be founa in many cases to be one third wrong. M. 

• Sec the third Chapter. 

explained. 
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explained, ^^13.80?, taking the expecta- 
tions and val ues agreeably to Mr. De Mmvr^t 
hypothesis. 

But 



' Tills Problem and its solution aic giwo by Mr. 
Simpson in the following voris : " A, and his hem are 
** entitled to an estate of a given value, upon the decosK 
" of B, provided B survives A ; to find the value of 
" their expectatisn in present money. — Solution- ** Find 
" the value of an annuity on the longest of ttro equal 
" lives, whereof the common age is that of the older of 
** the lives A and B ; which value subtnct from the 
"perpetuity, and take half the remainder; then it will 
" be, 4s the expectation of duration of the younser of 
f* the lives A and B, is to that of the older, so u the 
** said half remainder to the number of years purchase 
" required, when the life of B u /A« older of Ihe two. But 
*' if B be the younger ; then to the number thus found, 
^' add the value of an annuity on the longest of the lives 
" A and B, and subtract th^ sum from the perpetuity, for 
" the answer in 'bis case." 

If the estate is j^l per annum, the age of B 40, and of ' 
A SO, hUerett -i per cent,, the answer by this rule coma 
out j^lS.86, which divided (as in the preceding Question) 
by 104, gives .^13.32, the value, as above, of j^lOOin 
money. If B is 30 and A 40, the same value is j^lS.yi. 

N. B. The value of tlie kmgest of the two lives ii always 
the difference between the value of the joint lives, and tne 
«yi»ol' the values of the two given singln lives. Thus; 
the value of a life at 40, is, by Tibh VI. Vol. II. 1.1.2. 
The sitm of the values^ two such lives is 2G.^, The 
value of two joint lives, whose common age is 40, is, by 
Table VII, 0.82; and the difference is 16.58, or the 
value of the longest of two lives at 40. {e) 

(e) This rule, like the preceding one of Mr. Stn^aon, 
being deduced from the expectation of life is etjually in- 
correct: and therefore, in most cases, it will be best to 
adopt tlie following general rule deduced from the Solu- 
tion to which I have referred in pag. 40. " Let P, as in 
f* the ibnnci queatioDj denote a life one year yimnger, and 
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But there is a reduction necessary, on ac- 
count of the chance there is, that a widower 
may marry again. Suppose, therefore, one 
half of all widowqrs to marfy a second and 
third time, and that two fitths of such wi- 
dowers 



^ P a life one year older than B. — Multiply the value of the 
^^ joint liv69of AP, increased by unity, into the proba- 
^ bilify that B lives a year. Subtract the difference be- 
^ tween the joint lives A B and twice the value of the 
-^ single life B from the perpetuity, and multiply the re- 
^ mainder into the interest of ^1 for a year. JLet t^b be 
^ added to the former product^ divide their sum by ^l in- 
" creased by its interest for a year and reserve the quotient. 
« Divide the value of the joint lives A F by the probability 
" that F lives a year— subtract this from the reserved quo- 
/^ tieot, and the reroaindet being multiplied into^ half the 
.^ given sum will produce the value required.'' 



EXAMPLK. 

Liet it be required to determine the value of jf 100 
pjable on the dleath of Bt i^ed 65, should that happen 
after the death of A aged 25, computing at 3 per cent. 
and from the probabilities of life at NarihamptoTk The 
Tahie of an anquity on the joint lives AP by TabjL^ 
XXVUI. and XXIX. Vol. II. is 7.123 which being 
iocreaaed by unity and multiplied into •{ ffl (A^^ proba- 
bility that B lives a yeair, found by Table XVII.) pro- 
duces 7-725. The vahie of ao annuity on the joint 
lives A B is T.SJO. — ^Tlie value of an annuity on the Ufe 
of B by Table XIX. is 8.302, and the interest of dg\ 
for a year is .03-r-The difference between 7-37 and 
16.G04 (or twice 8.302) being subtracted from 33.d33| 
tiie peipetulty, and 24.099 the remainder multiplied 
into .03 produces .723, which being added to 7*725 the 
former product, and 8.448, their sum being divided by 
1.03 we have 8.202 for the quotient to be reserved. — 
The value of an annuity on the joint lives AF is 7-^1 1* 
the probability that F lives a year is tyfljt the former 
. . divided, 



. I 
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dowers survive these subsequent marriages. 
In this case, 4 added to 4 of 4/ or, -rV of all 
who become widowers, will die without leav- 
ing widows, and therefore tV of 5^13.8, or 
^^•66, will be the answer. If only oni fourth 
. of all who become widowers marry again, 
and two fifths of these survive, the answer 
will be 5^11.73. 

This calculation supposes all marriages to 
leave children who survive their parents. If 
this is considered as uncertain, the values now 
determined must be diminished in the pro^ 
portion of this uncertainty. Thus ; if one 
marriage in seven fails of leaving children^ 
that survive their parents ; these values will 
be reduced a seventh part, or to ^8.28, if 
halfy and ^10.05, if a quarter of all wi- 
dowers marry. 

In this way may any other questions of the 
same kind be answered on any suppositions 
that may be thought most reasonable. 



diviiled by the . latter Quotes {f) 7*984, which beiog 
subtracted from 8^02 tne reserued quotient, and .218, 
the remaitidcr^ bein? irmltiplifd into 50, or half th« given 
sum, we have j(^\O.SOj for the value required. Sup-, 
poiing A to be 65 and B 25 yean o^ a^e, the foregoing, 
sum must be subtracted from 41.7^1, tne whole value of 
the retrenion after the longest of the twoKvesof A and 
B, aad £ZOMl^ tte remaiiidev,iiriHbe the value in this 

M. 



} This for many years has been nearly the fact among 
the minister^ and professors in Scotland. 

{/) Or, which is the same thing, multiplied into \jii. 

m 

QUESTION. 
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QUESTION XnL 

'* Let an establishment be supposed which 
' takes in at once all the marriages in a 
' country, or all marriages among persons 
' of a particular profession within a given 
' district, and subjects them for perpetuity 
' to a certain equal and common tax, or an- 
* nual payment, in order to provide life an- 
' nuities for such widows as shall result from 
' these marriages. Wliat ought the tax to 
' be, supposing the annuity r£'20, and calcu* 
' lating at 4 per cent from Mr. De Moivren 
^ valuation of lives ?** 



ANSWER. 

Since, at the commencement of such an 
establishment, all the oldest, as well as the 
youngest marriages, are to be entitled equally 
to the proposed benefit, a much greater num- 
ber of annuitants will come immediately 
upon it, than would come upon any similar 
establishment, which limited itself in the ad- 
mission of members to persons not exceed- 
ing a given age. This will check that ac- 
Qumulation of money, which should take 
place at first, in order to produce an income 
equal to the disbursements at the time when 
the number of annuitants comes to a imm- 
fnum ; and, therefore, will be a particular burn 
denupontheestabhshmentinitsin&ncy. For 
this, some compensation most be provided; 

and 
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and the equitable method of providing it, is, 
by levying fines at the beginning of the esta- 
blishment, on every member exceeding a given 
age, proportioned to the number of years 
which he has lived beyond that age. But in 
the present question, it is supposed, that such 
fines cannot be conveniently levied, or that 
every payment must be equal and common, 
whatever disparity there may be in the value 
of the expectations of different members. 
The fines, therefore, must be reduced to one 
common one, answering as nearly as possible 
to the disadvantage I have mentioned, and 
payable by every member at the time when 
the establishment begins. Afler this, the 
establishment will be the same with one 
that takes upon it all at the time they marry ; 
and the tax or annual payment of every mem- 
ber adequate to its support, will be the annual 
payment during marriage, due from persons 
who marry at the mean age at which, upon 
an average, all marriages may be considered 
as coromencing.~7-There are then two points 
to be here determined. Thefines necessary to 
bepaidatfirst,accordingtDtheaccountIhavc , 
just given; and the comtani annual ptu/ment, 
necessary to be made by every member, as 
an equivalent for the expectation provided 
by the estabUshment— The fines to be paid 
at first are, for every particular member, the 
same with the di^xence between the value 
of the expectation to him at his present age, 
and what would have been its value to him 

had 
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had the scheme begun at the time he mar^ 
ried ? Or, they are, for the whole body of 
members, the difference between the value 
of the common expectation, to persons at the 
mean age of all married persons taken toge- 
ther as they exist in the world, and to per- 
sons at that age, which is to be deemed tlieir 
mean age when they marry. 

Thus; let 33 for the man, and 25 for the 
woman, be the mean ages of all that marry 
annually. Let also 48 be the mean age of 
all the married men in the world, and 40 
of married women^ — ^Now, he that will 
calculate for these ages, in the manner di- 
rected in Quest. IV. will find, that the value 
in annual payments durihg marriage, and be- 
ginning immediately, of the exp^tation of 
an annuity of c£2o per annum by a person 
35 years of age, after a life whose age is 33, 
is ^6.64. — ^And that j£'8.04, is the value of 
the same expectation, the ages being 48 and 
40. 

The former, therefore, is the payment for 
perpetuity from eveiy member of the esta- 
blishment; and the value of the difference be- 
tween it and the latter, or of £\A. per ann. 
payable during two joint lives, whose ages 
are 40 and 48, that is, jt'l4.2, is the fint ne- 

' I must beg leave to refer to note (F7 in the Appendix, ' 
for an explanation of what I mean by the mean ages of 
married men and women, and ako .for a confirmation of 
the answer 1 have given to this Question. 

cessary 
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ccssary to be levied on every married mem- 
ber at the beginning of the establishment »• 

It would be easy to extend the benefit of 
such an establishment^ so far as to provide 
^100 for the children of members, provided 
they leave no widows ; and the necessary ad- 
dition on this account to the perpetual an- 
nual payments can scarcely, in the circum- 
stances this question supposes, be much more 
than about 1 58. payable during life, and ex- 
cluding from all benefit such as happen to 
be widowers at the commencement of the 
establishment^ and do not afterwards marry. 

If, in such an establishment, all persons 
of a particular denomination, whether mar- 
ried men, widowers, or bachelors, are sub- 
jected alike to the taxes and fines; they 
ought to be as much less, as the whole num- 
ber of persons subjected to them is greater 
than the number of marriages constantly 
existing. 

In carrying these schemes into execution, 
there cannot be a more easy, or equitable 
way of raising the necessary fines, than by 
providing, that none shall be entitled to any 

* An annuItY for ever, the first payment of which 
is to be made immediately, is worth 26 years purchase, 
interest being at 4 per cent. £\4.2 therefore is equivalent 
in value to i^O.55 or 1 Is. per anmim, for ever. Add this 
to j^6.64, and it will appear, that £l.\3 per annum, be* 
ginning immediate^, is the answer to this Question, sup- 
posing the value of^ ihefrie to.be provided finr in the per- 
netual annual payments* 

VOL. f. £ expectation 



e3Kp9Gtatitf>n for SI few of the di^ ye^ ThiUb 
an eat^blishment^ entiUii^ widows to ^20 
j>er annuls for lif^ ^lod consisting of 667 
married members^ and 344 nnraarriedjt a]r 
ways kept up at an averagCj ou^t to b^in 
with a> capital of 4^14>.2 multiplied by 667^ 
or ^^9471, besides one payment in hand of 
the constant annual payments* That is, (the 
proper annual payment of every member b^ 
ing in this case, 1^^ multiplied by ^6.64» 
or ^4.88) it ought to begin with a capital 
of ^1 3.899 over and above the payment of 
^4.38, at the end of every year for ever 
afterwards'. — ^The exclusion of all the first 
naembers from any benefit, unless they sur- 
vive the first two years, or live to make three 
payments, would raise this capital nearlyv 
And such an exclusion for three or Jbwr 
ye^irs, would be an advantage so consider* 
able, that it would probably ^ve securi^ 
and stability to the scheme for all subsequent 
time. / 

In these observations, I have had in view 
$ome schemes which have been establi^ied 
in this kingdom ; but more particularly, one 
established by act of parliament among the 
cleigy in Scotland; of which I shall have 

^ ^ Or, supposing the value of ^9471 (the fine) pro^ 
i4ded for m the annual pajrments, it ought to reoeivt 
every year, at the beginmng of the. year^ a conttibuttai 
from each member of ^4«74« 

•GGiaion 




•ccasioh iti the next chapter to take further 
notice. 

I have chosen to calculate here only froift 
J)r. Hal1ey*s Table, or Mr. De Moivres hy^ 

?ithesis grounded upon it, because the London 
zh\e is, by no means, adapted to the cases 
in view; 

It should be further remembered, that 
when the mean ag6s, at which marriages 
commence, are supposed to be 33 and 25, 
$M second and third marriages are included ; 
and that it i^ to be expected, that almost all 
these marriages ynR begin afler these ages ; 
and likewise, that a considerable proportion 
of fhe first marriages will begin a much Ion* 
ger time qjflfer f hese mean ages, than any of 
fhe other first marriages will begin before 
them.— ^Frobably, therefore, these mean age^ 
should not be tdken younger. One or two 
years, however, more or less, in every sup- 
position t have made, will make no difference 
of any consequence. 

QUESTION XIV. 

" A person of a given age has an estate de^ 
pending on the continuance of his life for 
a ^vcn term. What ought he to give for 
'' having it qfsurdd tp him for that termT * 

ANSWER. 

f*roifi the value of an annuity certain for 
^M? giVen term, f&iin6 hy Table It. sub* 
tiactlhe value of the life for the given t6rm^ 

s 2 found 
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found by Quest VI. and reserve the remain- 
der. — ^jVIultiply the value of oCl due at the 
end of the given term, (found by Table L) 
by the perpetuity ^ and also by ^^ probability^ 
that the given li^e shall fail in the given tenUt 
The product added to the reserved remainder, 
and the sum multipUed by the given annuity, 
will be the required value of the assurance 
.in one present payment". 

EXAMPLE. 

An estate or annuity of £lo for ever, will 
be lost to the heirs of a person now 84, 
should his life fail in 1 1 years. What ought 
he to give for the assurance of it for this 
term ? — ^That is ; What is the present value 
of such an annuity to be entered upon at the 
failure of such a hfe, should that happen ia 
IJ years. 

The value of the life of a person whose 
age is 34 for 11 years, is, by Quest. VI. 
(reckoning interest at 4 per cent, and taking 
Mr. De Moivres valuation of lives) 7 ..70; 
which, subtracted from 8760, (the value 
of an annuity certain for 1 1 years) leaves 1 
the remainder to be reserved. 

The value of £1 to be received at the end 
of 11 years, is, 0.6496, by Table I. Vol. IL 
The probabiUty that the life of a person, 
aged 34, shall fail in 11 years is, by Dr. 
nalleys Table, .^4^ ; and the perpetuity is 2i. 

"* See the demonstratioQ in note (G) at the cad of tUi 

These 
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These numbers multiplied bj one another, 
and 1 added to the product, make 4.32, 
ivhich, multiplied by lo, (the given annuity) 
^ves ^43.2, the required value in a single 
present payment. 

^43.2 divided by 1.04, gives 5^4 K54 
the true value (by Scholium to Question X.) 
of the assurance of 2cn ^equivalent sum, or of 
^250 for 11 years on the given life*. 

Again 



* The premium of ^ssilnince for a given 51^771 ipay be 
9iore easily obtainefl by the following rule : ^^ Find the 

^ Y^Iu^ of ^^^' '^^ f^ ^^^ y^i* l^s ^^^^^ ^^^^ given terra, 
^Let this value added to unity be divided by* £i in- 
^ creased by its interest for a Year. From the quotient 
^ subtract tne value of the. Fife tor the given term) and 
^* the remainder being multiplied into the given sum wiU 
*^ be the \'aluc required." 

* The equivalent annual payments, the first to be made' 
immediately and the others at the beginning of i each year^* 
nay be found, '^ by dividing the single premium by thA 
** value of the life, with unity added, for. one year les9 
*• than'the given term." ' In the rules givenvKjr Dr. Ptice, 
in this question, and the scholium, the lirst payment is sup- 
posed to be made at the beginning, and the last at the ex-« 
jriration of tiie term. But this method of assurance . ii^ 
never adopted ; the nnfiual payments being always made, 
according to the rule given above, at the beginning of each 

EXAMPLE. 

Let it be required to determine the Value of an as* 
stnrance of j^SO, in single and annual (itayments, for a 
term of i i years on the life of a person aged M, accord- 
ing to the Nbrthampion Table of Observations, and at 
4 per cent, interest. — ^The value of the life for 10 years is 
7^3.5, and 8..^35 (or 7.335 increased by^unity) being di- 
vided by 1.04 quotes 8.014; from which deducting 
7.85 1, (or the vahie of the life for 1 1 yeazJ) we have .163 ; 

which 
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Again 41.54, divided by 8.76, (the valor 
9f the given life for the given time with unity 
adde4 to it) gives 4.74> the same value in an« 
Ijiial payipents beginning inj mediately, for 
11 years y, subject to failure should the life 
feil. 

^ SCIiOUUM. 

In 4 similar way may the price of assu^ 
r^Boeg on any two joint lives, * or the longest 
of two lives for any given terms, be calcu- 
lated; the rule being as foUo^s: 

** From the valpe of an annuity cerfeaifi 
*' for t}^e given term, ^tib tract the value pf 
*^ the joint lives, or the longest pf the two 
♦^ lives for the given term, found by Scho- 
^ Mum to Quest. VI. and reserve the remain^ 
^'y dcr.rr-Multiply the value of £i to be re- 
*^ ceived at the end of the given term by the: 

perpettiify, and also by the probabilitjr 
^' ttiat ihejmnt lives, or the longest (ift^ei ttm 
^^ Hves^ smijl &il within the givea tenn# 
** This product added to the reserved re- 

^^ wfiinaefrr and the sum multiplied t)^ ib^ 
^' iMiauLty to be assured, will \m the ^i^m oif 
*' the assurance in a single present payment^ 



4^ 



n 



yakk\^ Iking imUiplM iBto 2S0, produtes ^£40.75 for Ae 
ThHh) qC ^ a^wiwice in a single paymf^t.-^AiQd 4Q.^ 
divided b; 8.83$ gives j£'4.89 % the ^me value in ao- 
QUfil payn}eiit$ to be made at ik^ bjegixiQing of eapb yeac 

y The last pajQieot to be made ^t .tlje end of the lltb 
jiuai cr 12 payments in all. 



• 1 



EXAMPLE. 
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** What is the value of sSio per anmmi 
*' to be entered iipon, should either of twQ 
•* i>eraohs, one 40, and the oUier So years <^ 
" ^e, die ift ten years, reckoning irit'erest 
" at 4 per cent, and calculating from Dr. 
" Holler's Table." 

^ 'The value of two joint lives at these ^ges, 
for I o years, (found by Sckolium to QuetttVI.) 
is 6.5 1 ; which, subtracted from $.11, (the 
value of an aiufimty cert^ for 10 ytais, at 
4 percent^ leaves l,6o, the remainder to be 
rwerperf. . 

The value of ^1 to be rtfcdved at the end 
of 10 yearsy is .6756, by Table I. Vol. H. 

The probability, ^at ^e lIv«»of one vi 
ot^of two per$tHi9i aged 3a aDd4o, sfa^ 
6il in ,i» years, is ^ by Tubte V.': AriA 
iht per^tuity 2^.. These numbe'n> «nd«' 
Implied by one anothef, Md l .60 added t» thd 
product^ m^e 7>48> which ittultipUed by lOy' 
(the given annuity) gives j£74.^ tfaeran^ 
swer HI a single presrat^ payment, 

ag74.8; divided \iy i.04> gives i^? 1-93^ 
the value of the assurance of ah ejusixiJmA 

* TU profaabiUtt taken from the/Rible^ thtf « pciv 
BOD, aged 50, shall live 10 yean, ia |f4. That a peibpt^ 
aged 40, ihall- live 10- years, is |}|. T^t tliey shall 
both live 10 years, is ^i|, mullipbed by ^j^, or \\\, 
That they shall not bathXrit 10- yean, w that one or other 
of them shall die in this timet >* 4i*> subtracted from 
*l^t or -^f. See note p. 24. 
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mm; or of ^250; ^71.92, dmded by 
7.5 1, (the value of the two joint lives for 10 
years with unity added) gives 9.57, the value 
of the same sum in annual payments be- 
ginning immediately, for 1 years, subject to 
failure jshould the joint lives fail. 

EXAMPLE n. • 

*' What is the value of 5^10 per ann. to 
*' be entered upon, should two persons, one 
" 30, and the other 40, both die; that is, 
*^ should the longest of the two lives' fail in 
'^ 10 years, reckoning interest at A per cent. 
*^ and calculating from Dr. Hglleys Table r 

The value of the longest of the two lives 
for 1 o years, (that is, the value of the joint 
lives for 10 years, subtracted from the sum 
of the* values of the single hves for 10 years) 
is 7»9l; which, subtracted from 8,1 1, the 
value of ian annuity certain for 10 yiears, 
leaves .20 the remainder to be reserved. — 
The value of ^l to be received at the end 
of 10 years, is, .6755, The probability that 
the lives of two persons, aged 3 and 40, 
shall fail in l o years, is, by Table V. ^W 
muitiplied by ^Vr ^r tttt4t 5 and the per- 
petuity 25. These numbers, multiplied by 
one another, and .20 added to the product, 
wake .740, which, multiplied by 10, v (the 

* See Scholium to Question VI. 

given 
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given afanuity) gives 7-4, the answer in a 
single payment. 

7.4, divided by 1,04, ^ves 7.11, the va- 
lue of the assurance of <£'250. 



REMARK L 

The values bf single lives for given tenns, 
when these terms are less than ten years, 
must, in answering these Questions, and also 
in answering the following Questions, be 
found true to at least 2 or a places of decir 
mals. When they cannot be found to this 
exactness by any Tables, they must be cal- 
culated In the following manner : 

" Multiply the probability, taken out of 
** the 'table of Observations, that the life 
" shall exist i , 2, 3, &c. years, by the value 
'* of jCl due at the end of 1, 2,3, &c. yea«f 
^\ and the sum of the jJroducts will be the' 
" value of the life for l> 2, 3, &c, years,** 

V For E:i(ample. The probability, tliat a- 
pftrs<m whose age is 34, shall live a year, is, 
byI)r.Ha/%« Table, fJ4- The probability 
at the same age, of livirig 2 yearsyis, %^y 
3 years, ^ — ^ multiplied by .9615, (the 
value, by Table 1. of ^'1 dtie at the end of a 
year, interest being at 4 per cent) is, .942;^ 
or the value of the life for one year— 44t> 
multiplied by .925„ (the value of £l due at 
the end of two years) is .891 . And this added 

to 



Ip the former product, gjvcs K833 ; or the 
Talue of the life for two year^ — t^ muM- 
p}|^ by ,8890, (the yalue of S\ 4ue at the 
end of 3 year?,) is .841 ; »ad this product* 
added to 1,833, makes 2.674, or the value 
of the given life for 3 years. 

When the term exceeds 1 years, the rule 
ip, eldest VI. will give these values withsaf- 
igfii^ ex^tp^s; and H woqld do the mrtie 
l^a^LKj^^esi were the values of Uve& given 
toje %^ ^.0V 4 places of decimatkS aad ia 
al(i^ a^eemeat jto the Tables jptObe^rvatioia 

. Th^i i5$marl( npw mad^ 13 to .1# es^t^nded 
to the valuer Qfj^int livw for glveil itenilisv 
^i^r ^^? Viajue^j Vka tho»; ;of Hngte lives 
gjwn^jli/be^ifpuijbditt «ftlvi<^ these, ttwestitosr 
yi^hsv^uatit, aceurapy,, {yrbtn thfii Jtcrtna ar<? 
a?wy> '^s4 tlie vglues of liv^ sf Ci givea only 
Ufi pH« pr rtwo places of decimals) by a©y 
metbpd^. except the tp^QMfi -onje,: of mnl^ 
tiplying the probability that the 2 lives 
q|^4fs ^^A^ ^Qttimue^ li 2, 3, tfeo* yiaars», by 
^ VS^^ of ^ ^we.a* the end c^ 1, 2, 8^ 
^,. ]^arsj ai«l tatin^ the smn of the- pror' 
4uGt9 ^ the maqper j¥4t d^aeribed^ 



t! 



^ Sueh taUm are ^eiiL in tike preseDt editida of tlftr 

tBoa^j^it; i|l|d< therefore tbii femi^Fit ifknow les^ Bece^Wj^ 

thfi^ it was. Siee the tables of th^ v^uefi of. ^nglf aod; 

jrnit lives m the next volumei deduced from the. rc^^er 

.of.mfiit&lity ai N^t/utmpion, ttc^ 

REMARK 
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Beverskmanf Anrndtki^ he. ^ 

REMARK Ii: 

• 

If the 5^nuity is to. be entered upxm, in. 
case of the failure within a given Xips^ q^ 
any life or Uve% at the end ofihg.t time; an/i; 
qpt at tkp end of the year in which thefij^ivT^ 
ma^ha^fcn; ita prp^ut value will he the pro* 
duct^^jbqg froxQ the contin^l cnvltiplioatiqi^^ 
by one aupther of the perpetuity inproajsefll 
by unity, the value of ^i due at tjie end.pC 
the givi^ tin^e; tbje annuity, and the proba^^ 
bility tha^Jtl^e li^f or liyes^ sh^U fail withi% 
the givei^ tirne^ A^d pare should be t^eji^ 
qpt, to c^quikI ^es^ two sorts of Qu^^JLipi^. 
witb»oi^^'^(^e^ tjic vsihie in onq 

BSyme?^^ pf^ho.pei: imk ta be cxitere4 upo^f . 
eleven years lience/ in case a perspn jig^ 34* 
should not live so long, is 26, (the perpetuity 
increased by unityjLpt^restbjdngat 4 jiercen/.) . 
multiplied by ^d4q6, and by ^10 and also 
*>^^l of 34.8i~Ty8 value, divided by 
1.04, is 33:^5; the value of lUfi ^uiTey[e]^t' 
sum, w of £2to. to be obtakied on the sam«' 
Conditions* 

»Th6v4foeof ^tb€ amUrancs of any annttlftr* 

on the whole ceati nuance of any single Kfe 

is, by Quest. X. the excess of the perpetuity 

above the value of the life, multiplied by the 

ajpauity. A?l4 UJ ^^ jnapijer; the value of 

tite afnuraa^g^flf any apRiwify on tl^e yrhqlft 

cpjatiauanpfi of any two. JopiJ Uves,. or the* 

kugcs,([^ tf ft Hyw, JA thi? ^7^m »f thpperr 

petuity 
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petuity above the value of the joint lives, or 
of the longest of two lives, multiplied by the 
annuity. This is \ery obvious ; but no ge- 
neral method has been yet explained of find- 
ing the values bf assurances on lives and sur- 
vivorships for terms of years less than the 
whole continuance of the lives. For this rea- 
son, I haA^e been here more explicit than I 
should otherwise have been ; and asf Such as- 
surances are now much practised, and may 
be very useful if their values are rightly de- 
termined, I have thought proper to add the 
two following Questions, which, when join- 
ed to Question XL and Mr. Simpsons 32d 
Problem given in the note p. 88, will, I be^ 
lieve, exhaust this subject as far as two lives 
can be concerned. 

QUESTION XV. 

^ B, expectant, will lose a given sum, 
•; should he survive A, tuithin a given time* 
•'..What ought he to pay for the assurance of 
*itr — In other words: ''What opght he, 
^ to pay for a given sum to be received at 
^tt^a death of A, should he happen to snr- 
* Vive him within a given time ?** 

ANSWER. 

Divide the sum of the decrements of life 
in the Table of Observations from the age 
of A, for the given time, by the given time ; 
and, by the quotient, divide the number of 

the 
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the living in the Table at the age of A; and 

again^ by this second quotient % divide the 

given sum, reserving the third quotient. 

Find the valuQ of an annuity on the life 

of B, for the given time. To this value add 

the quotient, that will arise from dividing the 

value of an annuity certBm, for the given 

tinie^ by twice the complement of the. life of 

B ; and the sum, multiplied by the reserved 

quotient, will be the required value in a single 

present ^ payment •. 

EXAMPLE. 



^ When the age of A is under 60, and the term ao 
large as to exceed the difference between it and JO, it 
wiU be best, when the London Table is used, to dinde 
the given sum, not by the second quotient here men- 
tionedy but by the complement, or double the expectation 
of A, 

^ See the demonstration of this rule, and also of the 
rule that will be given for solving the next Question^ ia 
note (H) at the end of this volume. 

* The following rule derived from the solution of the 
11th Problem (see note G) is rather more simple, and 
is so fiBur preferable to the rule given above, as it has 
been obtauied without the aid of Mr De Moivres's hy- 
pothesis, which it is best entirelv to exclude from tne 
doctrine of Survivorships. " Divide the sum of the decrc- 
^' ments of life from the age of A for the given time, 
^' by the given time multiplied into the number of the 
^* living at the age of A, and reserve the quotient. Let 
** the value of the life of B for one year less than the 
** given term, with unity added, be divided by j^l, in- 
*^ creased by its interest for a year. To the quotient add 
*^ the value of aa annuity on the life of B for the given 
^^ term, multiplv this quantity into the reserved quotient 
*^ and also into half the given sum^ and the product will 
*^ be the value required." * • 

% SXAMPLS, 
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AMPLE. 

Let the Table of Observatiohs be Mr* 
Simpsbf^s for London (see the TiibleS in the 
ticatt VoltUne). Let the rate of interest bfe 
a per cenJt. A, seven years of age, B, 30. Th6 
giVafi time 14 years. The ^ven siitn ,5^100. 
*^Tlie Sum of the decrements, for 14 yearft 



B X A M P L X. 

Let the respective ages of A and B be 7 and SO yean; 
ftit given slim £ 100, the term 14 years, the rate of in- 
terest 3 per cent, and the probabilities of life as they are in 
the Northampton Table,<--The sum of the decrements for 
14 years from the age of 7 is 865 : the number of persons 
living at that age is 5925, which being multiplied mto 14| 
and 865 divided by 82^50 (the product) we have .0104 
fi)r the quotient to be resaved. The value of an annuity 
on the life of B for 13 years is 9.436, and 10.436 (or 
9.436 added to unity) divided by 1.03 (or £i increa»ed 

Sits interest for a year) quotes 10.132; which being 
ded to 9.9375 the value of an annuity on the life of B 
for 14 years, and 20.069 (the sum^ being multiplied into 
jDlOi, (the reserved quotient) and also ^to 50, (half the 
given sum) we have 10.4 for the value required.— The 
itme value by the London Table is j^ 11.94, or ji 1. 2s. 
mftre than Dr. Price makes it to be. But it should be 
observed, that when the decrements of A's life for the 
given term are equal (as they happen to be very nearly by 
uie London Table in the present case) that the exact value 
of the reversion is obtained by this rule, and theretine 
diat the value by Dr. Priced s rule in this instance is o»9 
tenth less than tlie truth. This inaccumcy arises from ap^ 
plying Mr. De Moivre's hypothesis to a Table of Obser- 
vatbns for which it is by no means suited. Had th« 
ijicrthamptonj or any other table been used, wliich agreet* 
fetter with this hypothesis, the values by both jfules would' 
luive been n^Iy the same. M*. 

from. 



from the age of seven, is 75, which, divided 
by 14, gives 5.36. The number of the living 
at seven is 42o^ whichi divided by 5.30^ dnd 
€^100 divided by the quotient, gives lA^^ 
the quQtient to be reserved. 

Tli€ value of an annmty for 14 years, fm 
tbe life of B, is, by Quest VI, 9-fr4.— Thd 
value of an annmty certain for 14 year»^ is^ 
(by Table 11. VoL 11.) 11.296, which di-» 
vided by 94.4, (twice the complement oi^tn 
lifeof B,. by Table X/givte8.l2, which, addei 
to ^54, gives g.66; and this again multiplkd 
by 1.12, th^ reserved quotient y gives 10.82r, 
the present value in 0^1^ pdyment of ^100; 
payable at the death of A aged 7, to B age<t 
30, should A die and leave B the survivor 
within 14 years. 

The present value for 1 4 years of t wajoinf 
lives, one 7 and the other 30 years of j^ei 
may be founds by the help of Table XII. aacf 
the rule in the Scholium to Quest. Vl. to bei" 
n^^ly 9^ years purchase ; and, ^10.82 di^*- 
vided by (iis value with unity added, or by* 
10, gives 1.082, the foregoing value in owv 
nucd payments during the joint lives fbp 14^ 
years, the first payment to be made imme- 
diately, and the last payment at the end of 
14 years, should the joint lives not fail. 

' Tliis taUe gives the expectations only, but it shouldr 
be rememberea, that twice the expectatum is always tb4ir 
compltmeni of a life. See note, p. 39. 

SCttOUUM. 
1 
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SCHOLIUM. 

It deserves particularly to be remembered, 
that in this method likewise may be calcu* 
lated, what sums ought to be paid on any 
survivorship, within a given time, of one life . 
beyond another, in consideration of any given 
«um now advanced. — ^The foUowing Example 
of this 'is a case which has offered itself in 
practice. 

** A person, aged 3o, has in expectation 
*^ an estate which is to come to him, pro- 
** vided he survives a minor, aged 7, before 
** he is out of his minority ; that is, pro- 
•* vided he should be himself living at the 
** time of the minor s death, should that hap- 
•* pen before he is 21. — In these circum- 
** stances, he wants to borrow ^looo on his 
** expectation. What reversion out of the 
•* estate depending on such a survivorship, is 
" a proper equivalent for this sum now ad- 
'* vanced, interest being reckoned at 3 per 
** cent, and the probabilities of life being 
*' supposed the same with those in Mr. Simp^ 
'^ sons Table of London Observations T 

ANSWER. 

It appears from what has been just deter- 
mined, (hat for ^ 1 0.82 now advanced, the 
proper equivalent in such circumstances, is, 
^100 to be paid, in dkse the survivorship 
should take place ; or^ by the correction in 

3 page 



|iage 35^ as much of the estate as £l66 
will buy at 8 per cent, supposing the first rent 
to be received immediatelj ; (that is, sup 
posing the estate worth 34i33 years purchase) 
or ^2.Q12 per anttum.^^By the rule of pro- 
portion, therefore, foi* ^looO the proper 
equivalent will be ^9242 in moneji or^269 
per ttntmrn out of the estate^ 

QttESTION XVI. 

*' ^100 will be lost to B's heirs, shdtdd 
'* he happen to die after A, ivithirt a given 
** tiTite. What is the price of the assurance 
*' of it ? — ^That is : What is the present va- 
'Mue of ^100 payable at the death of B, 
*' provided his death should happen qflt&r A's 
*' death, tvithin a given time f 

ANSWEIt 

Divide the sum of the decrements of* lifd 
in the Table of Observations from the age of 
B, for the given time, by the given time; 
|uid by the quotient divide the number of the 
living at the age of B ; and again, by this 
second quotient^, divide the given sum, re- 
serving the third quotient. 

Find the value of an annuity on the life A 
for a number of years, less by one year than 
the given time, which subtract from the va- 

K Or rather, if the London Table is used, by the com- 
plement of the life of B, when his age is under 60^ and the 
iixm exceeds the difference between it and 7O4 

TOL. !• F lu^ 
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lue of an annuity certain for the same num* 
ber of years. Multiply the remainder by the 
reserved quotient, and divide the product by 
the amount of ^i for one year, and let this 
be a second reserved quotient. 

Again. Multiply into one another the Jirst 
reserved quotient, and the value of an an- 
nuity certain for the given time ; and divide 
the product by twice the complement of As 
life. This last quotient, added to the second 
reserved quotient, will be the answer in a pre- 
sent single payment \ 

EXAMPLE. 



^ The solution of the 12th question (see note G at the end 
of this volume) aftbrds an easier and in general a more cor* 
rect method of determining the value of this reversion: 
** Divide the sum of the decrements of life from the age 
'^ of B for the given time by the given time multiplied into 
" the number of persons hving at the age of B, and re- 
*^ serve the quotient. Divide the difference between the 
*^ value of an annuity certain, and the value of an an- 
*' nuity on the life of A for one year less than the term, 
" by jii increased by its interest for a year. Add the 
*' quotient to the diflference between the value of an an- 
** nuity certain and the value of an annuity on the life of 
*^ A for the given term. Let this quantity be multiplied 
•^ into tlie reserved quotient, and also into half the given 
" sum, arid the product will be the value required/ 
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EXAMPLE. 

Let the respective ages of B and A be 40 and 30. The 
sum <^100. The rate of interest 4 f)cr cent. The term 20 
years ; and the probabilities of life as they are in the Nortk^ 
ampton Tabic. — The sura of the decrements of life in this 
table from the age of 40, for :.iO years, is 1597> which, 
divided by 3G35 multiplied into 20 (or by the number df 
persons living at the age of B multiplied into the given 
term) gim .022 for Ac quotient* to be reserved.-^T^ 

¥alae 
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EXAMPLE. 

Let the age of B be 40. Of A 30. The 
«um ^100. Rate of interest 4 per ce?it. 
The given time 20 years. The Table of 
Observations, Mr. Simpsorts, or Table IX. 
in the next volume. — ^The sum of the de- 
crements of life, in this Table from the age 
of 40 for 20 years, is 127, which, divided 
by 20, (the given time) gives 6.35. — ^The 
number of the living at 4o is 229, which, 
divided by 6.35, gives 36.06; and ^loo 
(the given sum) divided by 3 6.06, gives 
2.77, Xhejirst quotient to be reserved. 

The value of an annuity for ] Q years on 
a life at 3o years of age, is 10.45 ; which, 
subtracted from 13.134, (the value of an an- 
nuity certain for 19 years, by Table 11.) 

value of an annuity certain for 19 years is 13.134. The 
Talue of an annuity on the life of A for the same time is 
11.134. The difference, or 2, divided by 1.04 (or ^1 
increased by its interest for a year) quotes 1.923. The 
value of an annuity certain for 20 years is 18.590. The 
value of an annuity on the life of A for the same term b 
11.432. 'fhe diflterence, or 2.158 being added to 1.923, 
makes 4.081 ; which, multiplied into .022, the reserved 
quotient, and also into 50, half the ^ven sum, produces 
ii^4.489 for the value sought. — By the London Table this 
value is £7.7\j which agrees nearly with the value by 
Pr. Price's vukt ; and this will always be the case when 
the lives are between 20 and 50 years of age. But if one 
of the lives be very young and the other very old, this 
latter rule, when the London Table is used, will be found 
exceedingly incorrect. If the computation, however, be 
made from the Northamf)tonj or any other table agreeing 
better with Mr. De Moivre's hypotnesis, the values, as in 
Question XV. will be nearly themim« by both rules. M. 

F 2 and 
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and the remainder multiplied by 2.77, gives 
7.435. This product divided by i.o4, (the 
amount of ^l in one year) gives 7.15 ; the 
second reserved quotient. 

2.77 multiplied by 13.59, (the value of an 
annuity certain for 20 years) gives 37.644 ; 
and this product divided by 94.4, (twice the 
complement of A's life by Table X.) gives 
•399, which, added to 7.15, gives ^7.55 
the Answer ; or, the value of <s§ 1 00 payable 
at the death of B, on the contingency of his 
surviving A aged 30, and both dying in 20 
years . 

It is plain, that this is likewise the sum 
that ought to be lent to B now, on the ex- 
pectation of ^100, at his death, provided it 
should happen after A*s death in 20 years. 

This rule gives the just solution in all 
cases, except when B, the expectant, is the 
youngest of the two lives, and at the same 
time the term of years grt'a/er than the com- 
plement of As life. In this particular case 
the following rule must be used. 

Find, by the preceding rule, the value of 
the assurance of the given sum for a term of 
years, equal to the complement of A's lif^ 
and let this value be reserved. Multiply by 
one another the given sum ; the value of £l 
to be received at the end of a number of 
years equal to the complement of A's life; 
and the value of an aimuity certain for as 
many years as the given term exceeds this 
complement. And the product, divided by 

1 the 
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the complement of B s life, and the quotient 
added to the value reserved, will be the true 
value sought. 

EXAMPLE. 

' Let the age of B be 3o ; of A 40. The 
term 47 years; and every thing else as in 
the last Example. The complement of As 
life, is, by Table X. 39.2. The value of 
^100 to be received at the death of B, if he 
survives A within 39 years, may be found 
by the preceding rule to be ^l6.l5 ;,the va- 
lue to be reserved — ^The value of ^1 to be 
Teceived at the end of 39 years is, by Table 
L .2166. The value of an annuity certain 
for 8 years, (the excess of the given term 
above the complement of the life of A by 
Table X.) is, 6.733. 

And these two values multiplied by one 
another, and by 5S100 give 145.83; which, 
divided by 47.2, (the complement of the life 
of B) and 16.] 5, added to the quotient, make 
^19.33, the value sought 

REMARK. 

As after finding the present value of an 
estate, or annuity, it is necessary to divide 
that value by the amount of ^1 in one year; 
in order to find the present value of a mm 
equivalent to the annuity ; so, after finding 
the value of a sum, it is necessaxy to multi- 
ply that value by the said amount^ in ord^r 

to 
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to ' find from it the value of an equivalent 
annuity. 

In the first example, therefore, the value of 
an estate of ^£4 per aimum would be ^^7-85 . 
In the second example .^20. And this is, 
as it ought to be, the value for the whole 
duration of the lives, agreeably to the Pro- 
blem in the note p. 38 ^ 

In 



* The value of a term, if it fall short of the difference 
between the age of B and that of the oldest life in the Table 
of Observations, cannot agree exactly with the value fot 
the whole duration of life. Indeed it seldom happens that 
the value of an assurance (unless it be extended to die con- 
tinuance of both lives) is required for such a term as shall 
exceed the limit of A's life. If this case, however, should 
occur, its solution may be obtained from the following 
rule : " Find by the preceding rule (see note p. 66) the 
*^ value of the assurance for a term of years equal to the 
^* difference between the age of A and that of the oldest 
" life in the Table, and let this value be reserved. Find 
. ** by Question XIV. the value of the assurance of the 
'^ given sum on the life of B for the whole term, and ako 
** for a term which sliall be equal to the difference between 
** the age of A and that of the oldest life in the Table. 
'^ Subtract the latter from the former ; and the i^nudnder 
** being added to the value reserved will be the answer." 

EXAMPLS. 

Let the ages of B and A respectively be 30 and 56. 
The term 48 years. The sum, the rate of interest* and 
the T^ble of Observations, the same as in the Kxample in 
note page 6S. — The difference between the age of A and 
that of tlie last life in the Table is 40. The value of ^100 
to be received on the death of B after A in 40 years is 
J^17.13, which is the sum to be reserved. — The value of 
an assurance on the life of B for 48 years, is 37-69. Tbe 
value of the same assurance for 40 years is 35.06. Hie 
difference, or 2.63, being added to 17* 13^ the sum reserved 

abovei 
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In solving this Question, care also must be 
taken not to forget the Jirst Remark under 
the foregoing Question. 

In this chapter, rules have been given for 
finding the values of all assurances on single 
lives, and any two lives, or any survivorships 
between two lives, whether for ierms, or 
their whole duration. In the same way rules 
may be investigated for findi ng the values of 
all assurances on any three lives, or any sur- 
vivorships between them. But this is a work 
of more difficulty, and which requires great 
attention and skill. I can, however, with par- 
ticular satisfaction acquaint the Reader, that 
it has been lately executed, in the compleatest 
manner, by Mr. Morgan, in his Treatise on 
the Doctrine of Annuities and Assurances on 
lAves and Survivorships \ 

CHAP. 



above, we have ^19.76 for the value required. — By Dr. 
Price* 5 rule this value is <^ 19.55. Had the assurance been 
extended to the whole duration of the lives, the correct 
value would have been 21.59. — Hence it appears that al- 
though the term is rather longer tlian in the Example given 
by Dr. Price, yet that the value of the assurance is by no 
means the same with its value for the whole life. The 
difference, however, is in this case rather too great by 
both rul^3, but in neither of them 'is the error consider- 
able. M. 
^ These solutions to which Dr. Price refers, having been 
derived, like all which preceded them, from the eocpecta- 
iionj and not from the real probabilities of life, are liable to 
the objections which I have already noticed, (see note, p. 40). 
1 have, however, since the publication of the above Trca- . 
rise, given correct solutions of all the Problems involving 
three lives in the survivorships which the Reader may see 

in 
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CHAPTER IL 

fCpntaining an Application of the Questions in 
the foregoing Chapter to the Schemes of the 
Societies in Great Britain, for making As- 
surances on Lives and Survivorships^ and 

for granting Annuities to tFidows, (md to 

' Persons in Old Age. 

SECT. I. 

Of the London Annuity, and the Laudable 
Societies for the Benefit of Widows^. 

X HE scheme tnentioned in Quest. VIH. 
was nearly that with which the London Aur 
fiuity Society set out in 1765. The Laud- 
qble Society was established in 1761, and 
formed on a similar plan. In both, the an- 
ntial contribution of every member was five 
guineas, payable half yearly ; and for this a 
title was given to an annuity of £20 to every 
widow during widowhood, if the husband 
after admission, lived one year according to 
ih^ first scheme ; or three years according to 

in the several volumes of the Philosophical Transactions 
for the years 1789, 1791, 1794, and 1800; and the ge- 
neral rules, deduced from these solutions, are inserted at 
the end of this volume. M. 

' It must be remembered, that this section has in view 
the state of these societies in 1771> or at the time of the 
Dublication of the first edition of this tract. 

thf 
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0xe^ second; of ^3o, if the husband Hved 
seven years, according to both schemes ; and 
^40 according to Xh^ first scheme, if he Uved 
1 5 years, or 1 3 years, according to the second; 
— rin both schemes also, there was no other 
premium or fine required, than five guineas 
extraordinary, at admission, from every mem- 
ber whose age does not exceed 45. The 
X/Ott^/o^/e 5ocie/^ admitted none above 45 ^and 
the London Annnuity Society obliged every 
person between 45 and 55 to pay, at admisv 
sion, five guineas extraordinary, for every 
year that he was turned pf 45, 

These were the main particulars in the 
schemes on which these Societies were form- 
.ed ; and, therefore, both of them, were the 
annuities to be enjoyed for life, received 
(supposing the members all under 46 at ad* 
mission, and of the same ages with their 
wives, and money ztAper cent) but little 
more than three-fifths of the true value of 
the annuities ; or about one half, supposing 
wives, one with another, l o years younger 
than their husbands ; as appears from Quesr 
tion VIII. 

' It appears further in that Question, that, 
supposing the annuities to be life ai^nuities^ 
and men and their wives of equal ages, tb<^ 

." In this society a member who lived but me year, wa< 
.entitted to no more thah an annuity of j^ 10 forlus widow ) 
if he lived two years, to ji^ 15 ; if he lived three years, to 
dS20\ four years, ^25: seven years, ^ZQ-, ten years, 
^35 ; thirteen years^ ir40. 

expectation 
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expectation to which an annual paj^'ment of 
five guineas b^inning immediately, entitles, 
is nearly ^14 if the contributor lives a year, 
and ^20 if he lives seven years ", taking the 
medium between the London^ and the other 
Tables of Observations, 

It is likely, that many persons will be very 
unwilling to believe,that these schemes could 
have been so deficient as they have been now 
represented, I will, therefore, endeavour to 
prove this in a way which, though less strict, 
is sufficiently decisive,and may be more likely 
to be intelligible to persons unskilled in ma- 
thematical calculation. — 1 shall here confine 
myself to the scheme of the London Annmty 
Society. The differences between it and the 
scheme of the haudable Society are inconsi- 
derable, and what shall be said df the one 
will be fully applicable to the other- 
According to this sebeme, as it has been 
just described, all that live 1 5 years in the 
society will be jsntitled to annuities of ^40 
per annum, for their widows. Suppose the 
whole society, at admission, to be men of 40 
years of age, taken one with another. A 
person of this age has an even chance of Jkh 
hig 23 years; and he has an even chance of 
continuing with a wife of the same age, (that 

^ Tlie same annual payment will, on the same supposin 
tions, entide to £ 14 if a member lives 9 yeiUj and if IS 
if he lives three yeanf. 

IS, 
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is, of continuing in the society) 13| years ••' 
Not much less, therefore, than half the 
members will continue in the society 15 
years; and, consequently, not much less 
than half the widows that will come upon 
the ^ciety will be annuitants of ^40 per 
annum. These widows, however, being 
older than the rest when they commence an- 
nuitants, will continue on the society a shorter 
time ; and, therefore, the number coneltantly 
in life together, to which they will in a 
course of years increase, will be proportion- 
ably smaller. Putting every thing as favour- 
ably as possible, let us suppose, that out of 
20 annuitants constantly on the society, J&e 
will be annuitants oi mAO, six of ^30, and 
nine of 5620. ' To 20 iannuitants then the so- 
ciety will p^ ^i6o per annum, or the 2pth 
part of this sum, that is ^28 to every annuir 
tant at an average. But such an annuity for 
a life at 40, after another equal life, provided 
both survive one year, is worth, (by Quest 
VII. p. 23,) in a single present payment, ^85 
nearly, according to the London, and all the 

"* Tbis is die exact truth according to Mr. De Moivr^s 
hypothesis^ and the Norwich Table. But according to 
Dr. Halley's and the Northampton Table, a roan 40 yean 
of age lias an even chance of living no more than 22 
years, and of joint continuance with a wife of the saxne 
age, 13 years. — Forty must be more than the mean age of 
the members of the socie^ at admission, and on fhis ac- 
count the number of annuitants of £40 must be propor- 
tionably greater. The mean age, therefore, has bcfsn taken 
?ery moderately. 

Tables 
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Tables of Observations, interest being all 
along supposed at 4 per cent. 

It cannot appear impi'obable to any one, 
that this should be the true value of such a 
reversion. It is not probable, that there is 
any .situation in which the decrements of 
life wc such as can make it a tenth part more 
ox less. ^85 in present payment is the same 
with ^3...8«. per annum for ever. — But is an 
mwual payment of five guineas, which must 
cease as soon as either of two lives each 40 
iklls, equal in value to such a perpetuity? 
Every one must see, that there is a great cfif- 
ference. — ^A set of marriages between per- 
sons, all 40, will, according to the probabi- 
ilities of life in Dr. Hallej/s Table, last, one 
with another, 15 years^; and an annual 
:payment beginning immediately, during the 
joint continuance of the lives of two persons 
of this age, is worth lo years purchase "). 

^ See the beginning of Essay I. 

^ The value of such an annual payment, by Table XII. 
or the London Observations, is 9.1; and 10.8, by Mr. 
De Moivr^s hypothesis. — I have not taken into tlus ac- 
count the five guineas^/z^ paid at admission, because it is 
obviously of too little consequence to make any consider- 
able difference. The allowances I have made m fevour 
of these schemes are mcnrc than equivalent to it. In par- 
ticular, it should be remembered, that the calculations 
suppose, that the payments required by these schemes, are 
yearly payments begmning immediately ; (see p. 29.) and 
that the first payment of the annuity is not to be made 
till the end of the year in which the husband shall die ; 
and also, that the annuity is to be paid yearly, and no- 
thing to be due for any part of the year in which the an- 
liuitant shall happen to die. 

The 
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The comparison then, in the present case, is 
between ^3 ...8s. per annum for ever, and 
five guineas per annum for 1 5 years; or be- 
tween an annuity of ^3... 85. worth 25 
years purchase, and an annuity of five gui- 
neas worth only 1 years purchase. 

But to throw this subject into another light; 

Let the number to which the society it 
kept up be supposed to be 200. It has been 
demonstrated in Quest. IL that at least half 
this number of widows will in time come to 
be constantly on the society ; and it has also 
been just now shewn, that the medium of 
annuities payable to them, will be at least 
dS2a. After a course of years, then, the so- 
ciety will have a constant expence to bear of 
5^2800 per annum. — But what will be its 
income? — In order to determine this, we 
must consider, that there are two sources 
from whence its income will be derived* 
First, the annual payments of the members. 
And, secondly, the money accumulated, or 
the capital raised during the time the number 
of annuitants is coming to a masnmum. — 
ITie first of these sources affords 1 000 gui- 
neas, or ^1050 per annum. This wants 
^1750 of the annual expencc just men- 
tioned; and, therefore, in order that the in- 
come of the society may be equal to the bur- 
den upon it, when the annuitants come to a 
maximumy there must be a fund raised in the 
mean time equal to ,££43,750, or to an estate 

in 
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in perpetuity of ,5^1750 per annum. — ^But 
^1050 per annum beginning immediately 
and forborn 25 years, and improved, with- 
out loss or delay, all that time at 4 per cent. 
compound interest, will but just raise such 
a capital'. There is therefore, the fullest 
proof that the scheme I am considering 
is extremely deficient. The truth is, that 
scarcely a third of such a capital could be 
raised, as will appear from the following ob- 
servations. 

Out of 200 persons, all 40 years of age, 
more than five, according to the London Ta- 
ble of Observations, and riot so many by Dr. 
Halleys Table, may be expected to die in a 
year. Suppose then five to be the real num- 
ber of members that will die in the first year 
of the society. In subsequent years the col- 
lective body of members will be continually 
growing older; and, therefore, the propor- 
tion of them that will die every year, will 
be continually increasing, till it gets to a 
maximum. I will, however, suppose, that 
during the first 20 years no more than the 
number just specified will die every year; and 
that, consequently, no more ihsnijive widotvs 

' Everv question of this kind may be easily solved by 
Table Iv. in tlie next volume, which shews, that j^ 1000 
per annum will, in 25 years, increase to £26GG per an- 
num; and, therefore, i^lOSO per annum to £2000 per 
annum. 



^ 
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will come every year on the society. The 
ages of all these widows, when they com- 
mence widowhood, will, it is evident, be 
between 40 and 6o, One with another then, 
they may be considered as having com- 
menced widowhood at 50 years of age. Now, 
five widows left every year at this age, will, 
in 10 years, increase to 43 constantly in life 
together, according to the expectations of 
life in Tables V, VIII, and XVII ; and, in 
20 years, to 70*. Suppose the true number 
alive together at the end of 20 years to be 
'only 62. The greater part of these will be 
annuitants of <^30 and ^40 per ami. and the 
rest ^20. Were the former only equal to 
the latter, the medium of annuities payable 
to them would exceed ^25. Suppose then 
this medium to be no more than 5fi26, and it 
will follow, that, at the end of 20 years, 
the society will have an annual rent to pay 

* Ev€ry calculation of this kind is easily made by the 
rule in note f A) at the end of this volume. — ^I have put 
the number living together at the end of 20 years at 62, 
not only that the reader may be better satisfied that I have 
kept low enough, but also to make an allowance for 
such widows as will be left by those members who die 
within a year after admission, and who, therefore, accord- 
ing to these . schemes, will be entitled to no annuities. 
This allowance is too large : For, after the first year of 
the scheme, it will not happen above once in 4 or 5 years, 
that the death of a member will be so circumstanced^ 
supposing the probability that a man at 40 will live a 
year, to be, as all but tlie London Tables make it, 50 
to 1. 

of 
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of ^26 multiplied by 62, or ^1612 ; and, if 
then able to bear such an expence, it must^ 
in the intermediate time, have acquired an 
increase of income equal to the difference 
between ^ 1 050 and ^1612 per ann. That 
is ; it must, with its savings, have accumu* 
lated a stock equal to ^562 pei* ann. and 
worth ^14,050. But as, during this time^ 
there will be a number of annuitants con- 
stantly increasing, to whom yearly payments 
must be miade, the savings cannot cer- 
tainly be one half of what they would have 
been had the society been all the time 
free from all burdens. Suppose then the 
stock produced by these savings, to be equal 
to the stock that would arise from an income 
of ^1050 per ann. beginning immediately, 
and improved perfectly at 4 per cent com- 
pound interest, for half the time I have 
mentioned, or for 1 o years, without being 
subject to any checks or deductions : Such an 
income thus improved, would in 10 years 
produce an additional income of ^504 per 
annum, or a capital of ^12,600. — According 
to these Observations, therefore, the annual 
income of the society at the end of 20 years, 
and before a third part of the highest annui- 
tants could come upon it, would fall consi- 
derably short of its expences. About that time 
then it would necessarily run aground ; and 
long before the number of annuitants could 
rise to 100, it would spend its whole stocky 

and 
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ahd find itoelf under a necessity of either 
doubling the annual payments of its members^ 
or of reducing the annuities one half 

All I have now said is meant on the sup^ 
position, that the society begins with 3oa 
members at 4o yeafs of age, and is afterward* 
limited to that number, by admitting no more 
new members than will just supply the va- 
cancies occasioned by the loss of old mem-> 
bers. If it is allowed to increase, it may 
continue a longer time. And, for this rea-- 
son, a society that wants half the income 
necessary to render it permanent, may very 
well subsist, and even prosper for SO or 40 
years. — ^Thus, the Laudable Society, was it 
to keep to its present number of members, 
might possibly feel no deficiencies for 20 
years to come ; but if it should continue to 
increase at the rate of 70 or 80 every year, 
it would, at the end of that time, possess a 
balance so .much in its tavour as might en- 
able it to support itself for 1 5 or 20 years 
more^ But bankruptcy would come at last, 

and 



^ What has been before demonstrated in Question III« 
•bould be here recollected, that the number of annuitants 
on such a society as this, must go on to increase for more 
than 100 yean after acquiring its greatest number of 
members* 

The Laudable Society, I am informed, took its risd 
from a calculation contained in a pamphlet entitled. The 
Possibility and Proiabitiijf of a Schbbib intended for the 
Benefit ofH^idows being able to support itself. The scheme 
here referred to, is the same with that which this Society 

VQL. I. G has 
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and with the more weight the longer it had 
been deferred. 

The rule in the -London Annuity Societ}', 
which obliges every person between the i^es 
of 45 and 55^ to pay at admission 5 guineas 
extraordinary for e\^ery year that he exceeds 
45, is an advantage to it, but it is a very 
inadequate, and also a very unequitable ad- • 
vantage. For at the same time, that it 
obliges a person 55 years of age, to give* 
viore than the value of his expectation, it 
takes above two-fifths less than the value 
from a person who is 45 years of age. 

If any persons remain still doubtful about 
what 1 have said, I must beg their attention 
to one further argument. : 

It must be expected that every other mem- 
ber of these societies, supposing them to 
consist of persons all of the same ages with 
their wives, will leave widows to.whom, one 
V ith another (as already shewn), at least ^28 . 



has since followed ; and I am afraid I shall not be credited, 
when I say, that the calculation to prove its capacity of 
supporting itself, is founded on the supposition, that, a 
hundred married men, whose common age is 36, will 
leave but one widow every year, though at the same time 
it is supposed that two of them will die every year. 

This mistake has made the whole calculation one half 
wrong. — Nothing can be plainer than that, if the death 
of a married man does not leave a widow at the end of 
the year, the reason must be, that both himself and his 
wife have happened to die in the year. But it is aiwajf 
very improbable this should happen. 

per 
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per ann. must be allowed, for as many years 
as there have been payments from each mem- 
ber. For every lo guineas then received 
they must some time or other hereafter pay 
d^28. But let it be well considered what 
can enable them to do this. Did money bear 
no interest, for any given sum now received, 
they could not afibrd at any time hereafter 
to pay more than an equal sum. ^Fhat is; 
(since the duration of survivorship is in the 
present case, by Question II. equal to the 
duration of marriage) the proper considera- 
tion for any given reversionary annuity, to 
be allowed to all the survivors of a set of 
marriages, would be, an equal annuity pay- 
able by each marriage during its existence ; 
and just 'Aa/f the reversionary annuity, if it 
is to be allowed only to half the survivors, 
or to widows exclusive of widowers. The 
annual payment then oi Jive guineas, during 
marriage, can entitle widows to no more than 
an annuity of ten guineas, supposing money 
to bear no interest. But if money does bear 
interest, the same payment will entitle them 
to more, in proportion to the degree in 
which it is capable of being improved, 
during the time between that in which the 
Annual payments begin, and the commence- 
ment of widowhood. Now, it is easy to' 
see, that unless money bearlfe very high in- 
terest, this improvement cannot be likely in 
any circumstances to produce a capital, the 
interest of which shall be equal to the annual 

G 2 * payment 
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payment itself. Any given annual payment 
perfectly improved at 4 per cent, compound 
interest, requires 17 years and a half to 
double itself, supposing the first payment 
made immediately''. But no marriages are 
likely to last so long, except those among 
persMis who are very young. A marriage 
between two persons, both 40, will not pro- 
hably last longer than 1 3 years, according to 
the probabilities of life in Dr, HaUeys Table. 
A marriage between two persons, both 5o, 
will not probably by the same Table, last 
longer than eleven yesLVS ; nor a marriage be- 
tween two persons, both 30, longer than 16 
yejirs. Such marriages, it is true, may pos- 
sibly last 30 or 40 years. But this circum- 
stance is more than balanced by the fact^ 
that no less possibly they may not last one 
year. The annual payments, then, being 
incapable of such an improvement as shall 
produce an additional income equal to theoH 
selves ; it is obvious, that no society ought 
to go so far as to allow to widows annuities 
twice as great as those whidi might be al- 
lowed, supposing no interest of money ^; %o 

"* At 3 per cent, lint period of doubUng money by 
compound inteiest, is nearly 23 years and a half. At 
5 per cent, 14 years. 

* The nioney accamukted will hot be exactly die 
.same with that to which the annual payanent wouM iiH* 
crease^ if improred at compound interest for a number of 
years, equal to diat which the joint lives have an eqwt 
chance of existii^ Much less iriU the iDCKaae be die 

same 
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£ur, for instance^ as to allow, instead of lo 
guineas^ 2o guineas for an annual payment 
of five guineas. In tlie circumstances of 
most of these societies three-fifths addidoa 
may be the full allowance. That is ; super- 
posing the annual payment of each member 
to be five guineas, time may be expected 
for gaining from hence a capital of 75 
guineas^ or that shall produce three gui- 
neas per annum interest ; and the proper re^ 
versionary annuity will be id guineas; or 
six guineas more than the proper reversionary 
annuity^ did money admit oi no improve- 
ment >'. 

Tfie 

same with that which would arise from the annual pay* 
ment forboni, and improvedj for a numher of years euual 
to the expectations of the joint lives. It will he less toan 
either of these, for a reason e^^plained in note (K) at the 
i^nd of this yolume. 

'^ To these accounts may be added the following short 
w4 easy mediod of- trying the sui&ciency of all schemes 
ajf this kii^d. 

In an adequate scheme it can nuJce no dificxence 
^whether the annuities themselves are paid^ or the value of 
tkem in a single |Miyment at the lime they become due. — 
8upix)se then a society just established, consisting of GOO 
members, all married men at the age of 40, each of whom, 
be^des one payment in hand, is to make an annud pay- 
sieot of five guineas. Suppose tlie age of their wives 
d9|, and eveiy widow to be entitled, on the .day lier 
liuslMUid dies, to « life annuity of ^'20, the first payment 
tfi be matte m the end of half a yesu*.— rSuppose ^i^rther, 
that tlie society is to be kq)t up for ever to Q06 nuynbers 
by adautdng new ones «t the age of 40, as old ones drop 
off. — In tlie fim year (according to Tables V, VIII, i^id 
XVII, in the -Jiext volume) twelve members, s^t least^ 

Hill 
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The preceding observations have gone on 
the supposition, that the reversionary annul* 
ties are to be for life. What ditFerence in 
favour of these societies arises from the cir* 
cumstance, that the annuities are to be paid 
on\y for tridoir hood y cannot be exactly deter- 
mined. Some judgment, howcA er, may be 
formed of it from what has been said at the 
conclusion of Quest. II. Were even one half 
of the widows to marry, still the schemes I 
liave been considering w ould probably be in- 
sufficient. But, in the circumstances of these 

societies, 

Will die, and leave twelve widou-s, each intitled to j€20 
per arrmim. The value of such an annuity to commence 
at the pnd of half a year, the age being 40, is 14{ yean 
purchase by Mr. De Afoivre's valuation of lives, (or Ta- 
ble VI. Vol. II.) reckoning interest at S per cent. The 
value, theref(ve, of 12 such annuities; that is, the whole 
amount of the sums becoming piyable during the course 
of the first year, is ^£"3480. — The annual contribution is 
600 times 5 guineas, or i^lSO, and this, together with 
its interest for about half a year, or i£^205, is all that 
such a society could be possessed of to bear an annual 
expetice of ir3480. It appears, therefore, that, in order 
to support the expence of the supposed annuities, the 
annual contribution of each member ought to have been 
more than five guineas. 

A proof of the same nature with that here given may 
"be deduced, by considering these societies as bodies oIF 
men united for the purpose of assuring to one another, 
from year to year, annuities for their widows; and the 
way of finding the value of such an assurance is, to mul- 
tiply tAe value of the annuity, by the probability that it 
will become payable in the course of the year. For in- 
stance, Let the member's age, and also his wife's, be 40. 
Let the annuity be j6'20 per arm. for life to commence at 
the end of a year, of an annuity whose present value is 

(reckoning 
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societies, it cannot be expected, that above 
one in 10, or perhaps one in 20, will many. 
The persons most likely to enter into them, 
are such as have not the prospect or ability 
of making competent provisions for their 
widows in other ways. The widows left, 
therefore, will in general be unprovided for, 
and, being also left with families of children, 
it is quite unreasonable to expect, that any 
considerable proportion should marry. This 
is true of such as may happen to be left 
young; but when a society has subsisted some 
time, the greater part will not be young when 
left, and these, at the same time that no ad- 
vantage can be expected from their marrying! 

(reckoning interest at 3^ 'per cent.) 14 years purchase; 
that is, ^*2\iO, Tiie probability that a person at the age 
of 40 will di<^ in a year, andtliat his wife of tlie same age 
will live a yeat: or, in other words, the probability, that 
such a member will leave a widow in the course of the 
year, i^, by the Breslaw Observations, (or Table V, next 
volume) 4-}x multiplied by -^H, or .0198. (See page 18, 
and 24.) That is; there will be the odds of nearly 49 
to J, against such a member leaving a widow in the 
course of the year. The value of the assurance, there- 
fore, is .0198, multiplied by 280, or the 50th part of 
jS280 : tiiat is, ^5 ... 1 1 5. In the same manner the value 
of a like assurance for a year at any other ages may be 
easily calculated. At the age of 35, it b ^5..,'Js. At 
the ^ge of 4S, it is £G...js. llie value, therefoife, in-* 
creases continually with age ; and, if given in ^n annual 
payment constantly the same, which is the case in tiiese 
societies, it ought to be greater than the annual payment 
due for one year at the cummepcement of the assurance. 

Five guineas per annum, th^rcfpre, is, demonstrably^ 
an insumcieot payment from a miarried zdi^d for a liie-* 
annuity of ^0 to his widow* 

will 



88 Of the London Annuity 

will be in general the highest annuitants, and, 
therefore, the heaviest burdens. — ^Moreover, 
the prospect of the Ipss of their annuities 
Yi'iM have a particular tendency to check mar- 
riage among them — For all these rea^ions it 
seems to me likely^ that the benefit, which 
these societies will derive from m^riages 
among their annuitants, will not be very con- 
siderable; or, at least not so considerable as 
to be equal to the advantages I have allowed 
them, by calculating on the suppositions, 
that the money they receive will be always 
improved perfectly J tvifhout loss or delay, at the 
rate of 4 per cent, compound interest; that the 
probabilities of life among males and females 
are the same, and all husbands likewise of the 
same ages with their wives, and that con^ 
sequently the tnaxtmum of widows on such 
societies can amount to no more than half 
the number of marriages*.— r With respect to 
the last of these suppositions, it deserves to be 
particularly observed, that from accounts 
taken annually with great care in Scotland^ it 
appears, that the widows of the ndfnsters and 

* Care should be taken In these societies, not to judge 
of the proportion of widows that will many, from 
the proportion that mav happen to marry during their 
first years. For most of the vridows that wiU be left at 
first will be young ; whereas the greater jpart will not be 

Joung when they commence widowhooc^ after a society 
^ hs subsisted 30 or 40 years ; and, therefore, though one 
in three or four should marry at first, it will not be rea- 
sonable to expect, that half so many should marry after 
the afibirs of the society become statiooary. 

professors 
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profesmrs there* notwithstanding the (Umi- 
nution occasioned by their marrying, do «!r* 
ceed considerably half the number <^ tnar- 
ris^es. And certainly it would be unreaaovi- 
able in these societies not to reckon that the 
same will happen among them. — I'Hdeed it 
seems certain, that notwithstanding the ha- 
zards that attend child«-bearing, th^ejproba- 
btlity that the woman shall survive iil mar- 
riage, and not the man, is much greater^ than 
is commonly imagined. It will be shewn in 
the second Essay, that it is not less than the 
odds of 3 to 2 ; and had I calculated a^-ee- 

* The number of married mioisten wai prefi^ttaii, 
for 17 years, from 1750 to 17^9 ^as at a niediuin 66 J. 
And from the enquiries that have been made, it appears, 
that from this whole body Dear 400 widows constantly 
lining are derived. Hie medium of widows UA an- 
nually has, for the last 36 years, been 19,^; andy for 
10 years, ending in the year 1767) but nine of these 
liad maniedv*— Of the annuitants ISfiewise (about 160 ki 
number) on tlie fund established among the Dissenters in 
London^ finr relieving the widows of indigent mioistiers 
it is found that few ever marry. See the 2d Section of 
this Chapter. See likewise the latter end of the 2d Essar'; 
and note (A) at die end of this volume^ — In the Laudam 
Society dunug \9 vears from 1761, the number of widowa 
that came upon tfie Society was 167; ^^^ ^^ tiiese enl/ 
13 had married at Lady-day \^W. Fourteen had died. 

** P^y, as observed in page 6, on account of the 
greater mortality of males, but chiefly on account of 
die excess of age on the man's side.*--Tbe Laudable Sfh 
clelt/f for several years after its U)stitution, p^id no regard 
to this excess of age ; and the allowance required on thin 
account by the Id^ndan AnmiUy Society was so trilling at 
to deserve no notice. 

In March 17S0, 167 husbands had died in the Laudabk 
Society J and only 138 wives. 

ablj 
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^bly to. this fact; the values of annuities for 
wi4ow9, would Ji^ve been given near a quar- 
tfr grater than they have been given on the 
.supposition^ that .the chance of sunivorship 
jift equal betweien men and their wives,"— It 
must be added, that 1 have made no account 
of any expeqces attending the execution and 
pianagententof the schemes of these societies. 
Some such expences there must be^ and some 
advantages should* be always provided in or- 
der to compensate them. 

I i 

There are in this, kingdom many institu- 
tions for the benefit of widows, besides the 
•two on which I have now remarked ; and in 
general^ as far as I have had any information 
ooncerning them, they are founded on plans 
equally inadequate, having been formed just 
'as fancy has dictated, without any knowledge 
.of tUe principles on which the values of re- 
.yersionary annuities ought to be calculated. 
The motives which influence the contrivers 
of these institutions^ may be laudable ; but 
•they ought, I think, to have informed them- 
selves better, lliis appears sufficiently from 
what has been said ; but I will just mention 
one further proof of it. 

The Londim Annuity Society promises that, 
if in 2 1 years; and the Laudable Society that, 
if in 25 years, it shall appear that there has 
been all along an annual surplus in favour of 
the societies, it shall be employed in either 
raising the annuities, or in sinking the annuqi 

payments. 
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.payments. Now, they may be assured, that if 
at the end of these periods, they should not 
be possessed of a considerable surplus, the true 
reason will be, their having granted much 
higher annuities than the annual contribur 
lions are able permanently to support. For 
it has been demonstrated, that the number of 
annuitants, and consequently the amount of 
the annual expences, will go on increasing for 
a long course of years beyond these periods. 
The effect, therefore, of carrying into extf* 
cution this regulation will be, precipitating 
that bankruptcy which would have come too 
soon had there been no such regulation. 

It has been said in defence of these socie- 
ties, that the deficiencies in their plans cannot 
be of much consequence, because their rules 
oblige them to preserve a constant equally 
between their income and expences, by- reh 
ducing the annuities as there shall be occasion 
And from hence it is inferred, that they cap 
never be in any danger of a bankruptcy.--T* 
But it has appeared, that the time when 
they will b^n to feel deficiencies is so 
distant, that it will be too late to remedy past 
errors^ without sinking the annuities so much, 
aa to render them inconsiderable and trifling. 
All. that is given too much to present Bit^ 
.nuitants is so much taken away from futurt 
annuitants. And if a scheme is very deficient 
the first annuitants may, for 30 or 40 years, 
receive so minch more than they ought to 

receive, as to leave little or nothing for any 

who 
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wbo come after them. Deficient schemes^ 
therefore, are attended with particular in- 
justice ; and this injustice will be the same, 
if, instead of redticitig the annuities, the an- 
nual payments should be increased ; for all the 
difference this can make will be, to cause the 
Hijustice to fall on jvture contributars, in- 
stead x^ future annuitant. 

Bot what reqfuiiies most to be considered 
here is, that, after either the annuities have 
"been for some time in a state of reductton, 
'or the contributions in a state of increase, it 
will foe seen that these societies have gone 
upon wrong plans, and, therefore, they will 
tie deserted and avoided ; the consequence of 
"wliich will prove still greater deficiencies in 
^ek annual income* and a more rapid deser- 
tion and decline, till a total dissolution and 
"bankruptcy take place. — ^This will be the 
death ctf most of the present societies for pro^ 
%idiag'for widows, if they continue to be en- 
rour^jed, and do not soon alter their plans: 
And at that period the number of annutta$iU 
^^ill be greater than ever ; w^hose annuities, 
having no other support than the poor re- 
mains of a stock altiv-ays insufficient, will be 
fioon lef H, without the possibility of relief^ to 
lament that ignorance and credulity whidb 
gave rise to these societies, and which had 
•o long supported them. 

In the London Annuity Society, there is an 
encouragement to hachehrs and uidowers to 
join them, arising from the additional aiir 

3 nuities 
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noities to which they wilt be immediately 
entitled, when they marry, in consequence 
of having made their payments a greater 
number of years ; and it is imagined, that 
particular advantages will be doived from 
such members. But even these will in ge- 
neral pay much less than the value of their 
expectations. — A person who be^s an an- 
niud contribution of five guineas at the agt 
sf 34, will, should be live 1 1 years, and 
marry a woman of the same age at the end 
of.that time, entitle her immediately to 3^as 
per OHH. during survivorship, and to sB4\per 
annum should he live four years af^ many- 
ing, (interest being at 4 per cent.)' In tlus 
particular case, therefore, a person will pay 
nearly the true value of his expectation. But 
ail at all ages who marry, in less time than 
1 1 years after admission, will pay less thaa 
the value of their expectations. 

^^ The value of five guineas per aiuum (fint payment 
made imaiediutcly) for 1 1 years, subject to fiulure alioutd a 
life now 21 fail; and, after II years, for the joint lives 
of two penona both 33, u, by tbc Table of Londm Ot^ 
tervatitms, ^69.3— By Dr. Ilaliev's TaMe, itISAA—Tha 
present value of jtiH per annum for life to the widow of a 
person now 24, should lie live 1 1 years, and many a wor 
man of (be sume age with himself at tite end of that tinne ; 
and alio oSj£Q more, or £A\ per a/mum in all, should he 
live after marriage four years ; is, by tiie Table of London 
Observafmuiy dfC9.S6.— By Dr. HdU^'s Tablt;, :f 76.03. 
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SuppLEMEHT to the preceding Section ; eon- 
taining a further Account of the Societies' 
for the Benefit of JFiJows. 

Of /^London AimuiTY Societt. 

IN the preceding Section, the reader has seen 
on what very incompetent plans the two So- 
cieties, which are the subject of it, have 
been formed. Some changes have taken 
placd in th^ih since the last edition of this 
Treatise^ of which it is necessary I should 
here take notice. 

The London Annitity Society, consist- 
ing in January 178L of 326 members, has 
so far reformed its plan, as to be now in lit- 
tle danger.. Besides ordering a compensation 
for difference of age between husbands and 
wives, it determined, iri 1774, not to engage 
to pay a higher annuity than «§^2o to widows 
if their husbands had lived a year after ad- 
mission, for a contribution of 1 guineas in 
hand, and five guineas per ann. afterwards. 
At the same time, however, room was left 
for expecting that some additional annuities 
might be paid to the widows of such mem- 
bers as should survive 1 5 years in the So- 
ciety ; but what the additions should be, was 
left to be determined at the end of 1 5 years 
from the establishment of the Society. Ac- 

cordingly^ 
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cordingly, last year some able judges were 
consulted; and, if I am rightly informed,- 
the result has been/ that the Society has 
agreed to promise for the same contribu-- 
tions an addition to the ^20 annuity just 
mentioned^ of «£4 per ann. to widows^ if 
their husbands have been members 16 years 
or more. 

He that will consider the demonstrations 
in the foregoing Section, or compute agree- 
ably to any table of the decrements of life 
by the Rule in Question X / may assure 
liimself that a contribution of ten guineas , ^ 
in immedicUe payment and five guineas every 
year after the first, is scarcely a sufficient 
support for an annuity of £20 during life ^ 
to widows^ supposing husbands and wives 
of the same ages, and money improved at 
an interest of 4 pei^ ccwf.— But money may 
now be improved at a higher interest,. 
Some advantages also must be derived from 
making the annuities payable for widow*' 
hood only; and on these accounts, such a 
contribution may safely enough be reckoned' 
a proper payment for an annuity of ^20 • 
as it is offered by this Society, But it 
cannot, without danger, offer more ; parti- 
cularly, as it is certain, that the lives of 
women in general, and more especially of 
vvomen in the advanced stages of life, are 
more durable than the lives of males. 

The additional annuity, however, not be- 
ing of more value than about three guineas 

and 
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and a half in a single payment at entrance^ 
the Society may possibly find itself capable 
of paying it^ provided the contributions for 
supporting the scheme (namely ten guineas 
at entrance and five guineas per anu. from 
every member^ besides a just compensation 
for the excess of his age above that of bis 
wife^ are not loaded with any of the ex- 
pences of management^. 

SECT. 

^ In the year 1790 this Society referred the exaroina- 
tioD of their ai^irs to Dr. Price and myself^ at which time 
fiieir number consisted of 328 members^ and 85 widows 
claiitiihg anmiities to the amount of dS\^&J — their stock 
invested in the 3 ter cents, amounted to jf 7Q>^00 ; the 
dividends on whicii together with the annual premiums, 
exceeded their expen£ture by ^£"2000 a year. — ^In con- 
sequence of o*r joint opinion and advice, n was then de- 
tennhied to increase the annuities to widows ^1 for every 
year that the busb^d should live beyond 24 years, so that 
if they lived to make 50 pajrments the annuities should 
amount to ^^^50.— -Since that period another investigation 
took place in 17^9 when it appeared that the Society con^ 
■isted of 302 members and 132 annuitants claiming 
jfS2d4per annum — that their stock in the three per cents, 
amounted to jiSSflOO, that their annual income exceeded 
thdr expenditure by more tlian if" 1000, and, on the sup* 
position (hat this capital was worth 7^ P^ cent, or tne 
money nearly which nad been paid for it^ that they pos- 
sessed a surphis of ^14.735. 

Whatever objectkxi may be made to this method ot 
estimating their capital, it is evident, if the money had 
been im'ested where ii could sufier no diminution, that the 
aflairs of the Society would liave appeared to be in a very 
ffovrishing conditk)n. The public funds, however, since 
the year 1798, have so improved in value, that if th^ 
stock were now sold it would produce nearly the 
sum which was originally paid for it, and therefore no 
reasodable doubt can be entertained at present of the So- 
ciety's 
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Pttrfher Jccoutit of the laudable Swnetyfot 
the Benefit of Widows, 

i HIS Society affords a meUnCbQly proof of 
the pernicious tendency of that disposition 
.to form annuity societies which prevailed 
some time ago. — In consequence of a^peti- 
tion to Parliament in 1774, from many, of 
the most respectable members, it reformed 
its plan ; but no ailments could engage the 
majority of the" .members to consent to a 
reformation which was likely to be attend- 
ed with any other e^ct than an increase of 
calamity by postponing it F«r thirteetj 
yeafs from the time of its establishment, it 
Ifad overlooked ^e differences of ^ge ber 
tvfeen- men and their wives, and gone Bpoq. 
Ihf: ^an mentioned in page 72. — hi 1774, a 

ciety's stability. Indeed it is not passible that they should 
ever fall into any serioui error, provided tliat at pertain 
jiaA not.Tcry distant intervals, ' tiiey continue tlK»e in- 
wettigntions which have been twice repeated withta'the 
)mt:twelr9 years. ■ 

It nvy not be improper to add, that on the 1st of Ja> 
tiuary, 1801.?, flie members of this Society amounted to 
300, the annuitants to 1S4— the capital to je'l02,000stoct[ 
in the 3 per cent^. the annual income, including dividendi 
and premlpins, to .j£'48(H».and^the' ptimial expenditun^ in- 
eluding annuities and maiugcment, to d£^S74> or j^I430 
less than 'the inconie. ' ■ > ' . ■ ' m. 

toXm I. H compcH- 
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compensation for the wife's inferiority of 

age was prdered to be paid by all new mem* 

bers, and at the same time the following plan 

agreed to. — For an annual payment of five 

guineas^ the first to be made immediately, 

every widow was entitled to an annuitjr 

during widowhood of 

^10 if her husband had \ ^ ^^^^^^ ^^ , ^ . ^ 
, J -^^ J > 2 years ana a day 

been admitted ) ^ ' 

^15 if — — 3 years 

^20 if — — 6 

^25 if — — 8 

^30 if — — . IJ 

^35 if — — 13 

^40 if — — 15 

Any one who will calculate by the rule in 
Quest. VIIL will find that the annual pay- 
ment necessary to support these annuities is 
nearly, by Dr. Halleys Table of Obsenrih 
tions, ^7, supposing equality of age be- 
tween husbands and wives, money improved 
ztAper cent, and the mean age of admission 

thirty^seven ^This change, therefore, did 

not deserve the name of a refbrnrntioni and 
an attention to the following accoimt will 
shew, that instead of doing good, it has in 
fact only prolonged the existence of the So- 
ciety to do mischief. 

From the establishment of the Socie^ in 
1761 to 1772, it had increased to 700 mem- 
bers; but in April 1780, it had gradually 

sunkt 
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fUnk, by deaths and desertions, to 550. — ^The 
whole number of widows which had come 
on the Society was then 168, of whom 84 
had come upon it in six years, from 1774 
to 1779^; that is, fourteen annually. Thir^ 
teen had died and fourteen had married, 
which had left 141 annuitants, the claims 
of 133 of whom amounted then to ^3,310 
per ann. The claims of the remaining eight, 
reckoned at ,5^30 per ann. each, will make 
^240 per ann. ; and the expences of man^e* 
ment (or 5^300 per ann. nearly), added to 
these sums, will make the whole annual ex- 
pence of the Society in April 1780, ^3,850. 

;— Its income, consisting of the interest 

of ^49,090 three per cent, stock, and the 
subscriptions of 550 members at five guineas 
each, amounted at the same time to ^4, 360, 
leaving a favourable balance of only ^480. 
Supposing the Society to preserve its pre- 
sent number of members, and the number 
of annuitants to increase for six years to 
come only at the rate of ten annually, its 
cxpence at the end of the present year, or 
the beginning of the next, will be equal to 
its income; and afterwards it will find it- 
self under the necessity of having recourse 
to one of the three following expedients. 
It will be obliged either to run into its ca- 
pital, or to increase its contributions, or re- 

* In I78O fourteen more widows came upon the So- 
Cicty. 

H 2 duce 
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duce the annuities. — The consequence of 
the first of these expedients will be, that the 
capital of the Society will be soon consumed, 
and the annuitants left without support. — 
The consequence of the second will be, that 
the contributions will be increasing every 
year till, in 10 or 12 years, they are doubled, 
and at last almost tripled. — ^The consequence 
of the last will be, that the annuities will 
sink every year till they come to be less 
than half the annuities promised ^ Such 
are the affairs of this infatuated Society; 
nor is it easy to apply any remedy to 
them ; for in consequence of going on too 
long with an insufficient scheme, the So- 
ciety has large payments to make in order 
to compensate past deficiencies; and a 
scheme at first adequate would now prove 
inadequate. — For example, (supposing a just 
allowance required for the wife's inferiority 
of age) an annual pa}Tnent of seven gui- 
neas from e\"ery member, begun in 1772, 
when the number of widows was only 42, 
would probably have been sufficient to sup- 
port the reformed scheme mentioned in 
page 98 ; but now an annual payment of 
nine guineas from the present members, and 

' The annuitants (should the numher of members con- 
tinuc what it is) cannot increase to much less than double 
their number last year. 

of 
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oi seven from all future members, would 
scarcely be sufficient. 

In such circumstances it seems best to 
break up, and to divide the present capital, 
as far as it will go among the annuitants. 
Should this be done, the annuitants will 
indeed be great suiferers ; for, so miserably 
circumstanced is the Society, that its whole 
stock will not pay much more than half^ the 
value of the annuities. But this only sets in 
a stronger light the necessity of an iwmediate 
dissolution : I say immediate ; for the annui- 
tants are increasing fast, together with the 
medium of the annuities due to them; and 
therefore the .consequence of delay must 
be, extending greater sufferings to greater 
numbers. 



POSTCRIPT. 

SINCE the preceding account was writ- 
ten, this Society, convinced at last of its 

« Tlie mean age of the widows now on the Society is 
not probably more than 42 or 43. The value of annui- 
ties payable half-yearly during the lives of women at this 
.i^,ls not really so little as 13 years purchase, reckoning 
interest at 4 per cent. Supposing therefore the Society to 
break up some time or other before the end of this year 
(I7BI), and the number of widows then upon it 154, the 
value of their annuities, at £^bO each, will be ^53,900^ 
of which their stock, at its present price, will not pay so 
much as ^28,000, . 

mistakes. 
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mistakes^ has resolved to reduce the an* 
nuities of such widows as became claimants 
before the alteration in 1774, 35 percent^ 
and the annuities of all the other widows 
who are now claimants, 20 per cent. It was 
also resolved by two general courts, that the 
annual payments should be increased from 
five to six guineas. But this resolution was 
revoked by the general court in July last ; 
and a resolution substituted in its room to 
change the plan described in p. 98, into 
one which makes it necessary that a member 
should have been admitted 3 years to entitle 
his widow to an annuity of ^10, and 7 
years to entitle her to ,^20; and IS knd 
20 years to entitle her to ^30 and ^40, — 
Possibly this resolution, like the former, will 
be retracted by some future general court. 
Should it be confirmed, it will, in conjunc-^ 
tion with the reduction just mentioned of 
the annuities payable to present claimantSi 
constitute a reformation which (supposing 
the funds of the Society not incumbered 
with any expences of management) might 
)iave been wcar/y sufficient ten or twelve yean 
ago to save the Society- But it is far from 

being sufficient now ^The reduction of 

the annuities payable to present claimants is 
too little^ Jt should have been extended to 
the widows of the old members now livingy 
and the new plan restricted to members lately 
ftdoiitted, and to future members ; arid ft 

compensation 
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compensation for past over-payments to wi* 
dows should have been provided^. 

SECT. 

* This unfortunate Society, since the period in which 
the above postscript was written, has repeated its attempts 
to reform those errors in which it originated. In th« 
year \'J90 the numher of its members had sunk to SSO^ 
while the number of its annuitants had increased to 217* 
Its annual income also had fallen short of the expenditure 
by J^1740, and its capital^ after an accurate examioatioa 
of its finances, appeared to be insufficient to satisfy the 
demands upon it by jP30,000 nearly. Under these cir- 
cumstances it was determined that the annuities payable 
to the widows who were then claimants should be re* 
duced one Aalfj and that the annuities to all future claim- 
ants should be reduced one Jifth. At that time th« 
Society possessed £42flQO stocK in the ^bur^ cents \ 
and had these contbued at par, or at the same price as 
they were then estimated^ it is probable that the Society 
would have been spared the mortification of any further 
reductions. But in consequence of the disastrous war 
which soon ensued, this stock, together with all other 
property in the public funds, lost more than one third of 
Its value-— the capital of the Society was diminished in 
the same proportion, and the annuities, which were 
yearly increasing upon it, required so much larger qtum* 
dty of stock to be sold in order, to dbcharge them than 
the computations supposed in 17^9 that new alarma 
were produced, and it became necessary once more to 
hare recourse to retrenchment. In the year 1802 there* 
ibre another investigation of the Society's finances was 
undertaken, on the supposition that its stock was then 
worth only dO per cent, or one fifth less than it was really 
worth at the period of the former investigation, and the 
result w*u such as might have been expected. . The value 
of the present and future claims was found to exceed the 
value of the capital by ^^2257) so that no alternative 
remained but eitner to break up the Society, or to reduce 
the annuities* The former was deemed impracticable, 
and consequently it was determined that the annuities 
of the present widows^ as well as those which should 
liereafter become claims upon the Society, should be re- 
duced 
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3ECT. II. 
Of the Asso'dation among the London clergy^ 
and the Mhmtei^s in Scotland, for providing 
Annuities for their JFidows\ 

IN April, 1765, the clergy within the bills 
of mortiality and the couiity of Middlesex', 
at a general meeting in iSiow-Co//egc, agreed to 
form themselves into a society for the sup- 
port of their widows and orphans. Many in 
this respectable body may be capable of do- 
ing, in a better manner, what I have attempt- 
ed in this Treatise ; and they are, perhaps, 
already sensible of the deficiencies in the plan 
which they have established. I shall not 
however, I hope, do wrong, in taking the 
liberty to recite briefly this plan, in order to 
introdpce a few observations upon it, 

duced (me sixth \ so that instead of £2Af only ^20— >- 
instead of £\6, only ^13...65...8£{. per aunum, &c. are 
to be paid in future. The depreciation of the public 
funds is an event for which no computation can provide, 
and therefore, as the Society's affairs in their present 
state depend as much on the stability of those funds as 
on the lives of its members, it is impossible to say bow 
far this last reduction may prove efifectual. The number 
of its widows amounted in 1802 to 216, but the number of 
its members scarcely amounted to half their number in 
)790. If circumstances tlierefore should have still continued 
unfavourable, the next measure must be, the dissolution 
of the Society, and a division of the remaining capital 
amon^ the annuitants and surviving members in proportion 
to their respective interests in the funds of the Society. M. 

. ' This section^ as well as the former, must be ^con- 
sidered as written in 177^ Subsequent accounts of the 
different institutions are continued respectively at the end 
of these two Sections. 

1 According 
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According to the printed articles, every 
clergyman possessed of any benefice, lecture* 
ship, or licensed curacy, within the bills of 
mortality and the county of Middlesex, who 
subscribes annually one guinea, or two gui- 
neas, or more, shall entitle his widow to an 
annuity; or, if he leaves no widow, he shall 
entitle any such children afe he shall leave, to 
the same annuity for seven years as his wi- 
dow Would have had. And, in case a widow 
possessed of an annuity, should either die or 
marry before the lapse of l o years, from the 
commencement of her annuity, such children; 
of her former husband as shall be then aliv^ 
are to be entitled to as many of the ten years 
payments of the annuities as she shall not 
have received. — ^The annuity is fixed to no 
particular sum, but, instead of this, it is or* 
dered, that a fourth part of the annual sub- 
scriptions and interest shall be divided the first 
three ^years after the establishment of the so- 
ciety; half only the next four years; and three 
fourths the next five years; provided, however, 
that in no one of these 1 2 years the dividend 
shall exceed £20 to the widows and orphans 
of the clergy subscribing two guineas or more; 
and 5^10 to the widows and orphans of the 
subscribers of one guinea. And, after the ex- 
piration of 1 2 years, the whole amount of the 
subscriptions, and of the interest of the capi- 
tal stock, is to be divided proportionably for 
fven-^It is further provided, that every cler- 

jgjraan 



lo6 Of the Association among 

gjman who shall be married, or have chil- 
dren^ at the time of his subscription, shall pay 
a fine of two guineas towards a capital stock, 
if a subscriber of two guineas or more, and 40 
years of age or upwards. If 50 years of age 
or upwards, he shall pay a fine of three gui- 
neas; if 60 or upwards, five guineas. But, if 
not married at the time of his subscribing, and 
shall afterwards marry, he shall pay a fine ac- 
cording to the age he shall be of at the time 
of his marrying. The obligation laid upon 
all, whether married or unmarried, to become 
subscribers, is, an incapacity of being admit-* 
ted members without the consent of a genc- 
nd court, unless, within two years after be- 
coming possessed of any ecclesiastical employ- 
ment, they subscribe. 

Every one who has attended to the obser* 
rations in this and the preceding chapter^ 
must know what judgment to form of these 
regulations. 

Let us suppose that all the clei^ in Lon^ 
don and Middlesex came into this association 
from the first ; and that one with another 
they are subscribers of two guineas annually; 
and that there are among them as many un- 
married persons as married. 

In this case, it may be learnt from Quest. 
XIII, that the annuity to which widows 
should be entitled, (supposing no allowance 
to the children of any ^at die) ought not to 
exceed 10 or 11 guineas at most; and that, 

besides 
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besides the annual subscriptions^ there ought 
to have been a fine paid at the commence- 
ment of the scheme, by every married per* 
son, of six guineas at least, or, by the whole 
number of subscribers, three guineas. If 
the number of married members is double 
the unmarried, the annuity ought not to ex- 
ceed eight guineas; and the fine firom every 
member should be about four guineas. — The 
order, that only a fourth part of the annual 
subscriptions and interest shall be divided 
the first three years, half the next four year^ 
and three quarters the next five, is without 
reason ; because the number of claimants, 
for the first 1 2 years of the scheme, will be 
BO few, that it will not be possible, during 
that time, that there should be occasion for 
dividing any proportions so large of the an- 
nual subscriptions and interest, unless they 
are indeed beyond all bounds too little.— 
After 12 years, the number of annuitants 
will go on increasing for near 50 years, as 
appears from Quest, III. The consequence, 
therefore, of dividing, after that time, the 
whole amount of the annual subscriptions and 
interest, will be a constant yearly diminution 
in the dividends for near 50 years ; and 
making the payments to the first claimants 
much more considerable than they ought to 
be, at the expence of all subsequent claim- 
ants — For these reasons, it appears to me out 
of all doubt, that this scheme is by no means 
Ukely to answer the good ends proposed by 

8 * it; 
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it ; and that, therefore, it will be best to lay 
it aside. At the time it was settled, it was, 
I find, further agreed, that the annual sub- 
scriptions of the laiti/y together with the in- 
terest of their benefactions, unless otherwise 
directed by the donors ; and the annual sub- 
scriptions of such of the clergy as shall so 
direct, shall make a charitable fund to be 
applied to the relief of the distressed widows 
4>r children of all the clergy within the limits 
I have mentioned, whether subscribers or 
not* provided that in no one year of the first 
twelve more than ^20 be given out of the 
fund to any one family. — ^This is an excellent 
design; and if the money arising from all 
the subscriptions is thrown into this fund> 
an important means of relief may be pro- 
vided for such of the more indigent widows 
and families as will accept the help of 
charity. 

There is one more scheme of particular 
consequence, which 1 must take notice of: 
I mean, that which is established by Act of 
Parliament, among the ministers and pro- 
fessors in Scotland, for making provision for 
their widows and orphans. The last men- 
tioned scheme, and also several others of the 
same kind^ in this kingdom^ have been 

formed 

^ There is one among the Dissenting Ministers in the 
counties oi Chester sind Lancaster; and another among 
^ DisseiUiAg Mini&t^n in Cwnlerlandf Nxrrifrnnt^erlaml, 
• • • JVesimorland^ 
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formed oh the model of this : and the fiuocesi 
with which it has been hitherto attended, is 
one of the principal causes to which they 
have owed their rise. It is, therefore, pro- 
per I should give some account of it ; ^k1 
it will be sufficient with this view to men* 
tion, " that for an annual payment, which 
begun immediately, of ^iie guineas from 
1011 contributors, 66 ^ of whom are mar- 
" ried persona, be^es a tax on .^ding^ 
producing about ^142 per annum, it en- 
titles every widow to an annuity of ^20 
during widowhood, and also every familj 
^ of children that shall be left by such 
" members as die without leaving widows, 
*' to 5^200." This scheme contains a va- 
riety of other particulars ; but this is its sulv- 
stance — It commenced on the 25th of Marcb^ 
1744; and from that time to the 22d of 
November, 1/70*, or in 26 years and near 8 
months, 15 1 niiniyters and professors died, 
and left 151 ftr^tiilies of children without 
wadovt>s; that is, 5.66 such families were 
left annually ; and the annual disbursements 
to them have therefore been ^1132. Sub- 
tract this sum from ^5450, the whole an- 

IVesfmorlqnd, and Durham. — ^Even the London AfinuUy 
Society, though its plan is totally difierent, professes to- 
form itself on the principles of tlie Scotch establishment, 
and to derive encouragement from it. 

' In Nov. 1779, or 35 years and 8 montlis, 199 mi* 
nisters and professors had died, and left 199 families o£ 
children without widows; tliat is 5.58 annually. 

nual 
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nual income; and the remainder, or ^4318 
per annum will be the standing provision for 
bearing the expence of all the annuitants 

gossible to be derived from Q67 marriages, 
uch an annual payment, or 4.27 each from 
1011 contributors, is the same with 6.55 
each, from QQ7 contributors; and, conse- 
quently^ it appears, that in this establish* 
ment a contribution is received equivalent to 
an annual payment b^inning immediately, 
of ^6.55 from every married man, in order 
to entitle his widow to an annuity of ^20 
during her widowhood. 

In the societies mentioned in the last sec- 
tion, annuities increasing from ^20 to £aq 
are promised to widows for an annual pay- 
ment of only 5 guineas™. And, in all the 
aocieties for the benefit of widows with 
which I am acquainted, there is an equal 
or a greater disproportion between the con- 
tributions received^ and the annuities pro- 
mised — With what strange rashness then 
has the plan of this establishment been co- 
pied? And how absurdly have the societies 
in this kingdom pleaded it as a precedent 
which encourages and favours • them ? — It 
would be trifling to say more on this sub- 
ject. 

It may be observed that the annual income 
for the support of this establishment, sup- 
posing it to have only the benefit of widows 

• Sac page 73. 
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in view, ought to be ^7np per ann^ from 
ev-eiy marriage, according to Question XIIL 
p. 46, and £7AA per ann. according to 
the calculation in Note F. at the end of this 
Tolume. 

These determinations exceed the income 
actually provided. But the excesses are by 
no means considerable enough, to afford anj 
certain reason for concluding, that the fiind 
of this establishment will prove insufficient. 
I was, however, once led to entertain some 
doubts on this subject. And in these doubts 
I thought myself confirmed by observing 
that, in the calculations ^ made at the com* 
mencement of the scheme, the number 333 
was stated, as the maximum of widows living 
at one time, likely to come upon it, onto be 
derived from 20 ^ widows left annually; and 
also, that 40 years was stated as the number 
of years necessary to bring on this maximum ; 
whereas I was satisfied, that the maximum of 
widows would not prove much less than 
400; nor the number of years necessary to 
bring it on, less than 60. In the former 

^ See Table III. in a book printed at Edinburgh ia 
1748, entitled. Calculations, with the Principles and 
Data on which they are instituted, relative to a late Act 
of Parliament^ entitled. An Act for raising and estaUishim^ 
a FimdfJ'or a provision for the widows and children of the 
ministers of the churchy and of the heads, principals^ and 
masters of the universities of Scotland; shewing the 
rise and progress of the FundL 

^ See note A, at the end of this volume. See like- 
wise the note in p. 89. 

editions 
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editions of this work, I gave a distinct ac* 
count of this. But I have lately received 
Buch information p as hath convinced me that 
my doubts have been in a great measure 
groundless. I have Jearnt, in particular, 
tnat there have httn several calculations sub- 
sequent to those I harl seen ; and that this 
establishment has enjoyed advantages and 
provisions for its support which I was un*- 
acquainted with) and which give reason for 
expecting that it will indeed be able to bear 
the expence of 4oo annuitants, should so 
XPany come upon it. I should only tire most 
<>f my readers, were I to enter into an ac- 
count of these adyantages and provisions. It 
will be of more importance to take this op- 
portunity to observe, that the probabilities of 
life from which the determinations I have 
mentioned are derived, though much lower 
than the probabilities of life among the 
ministers and their wives in Scotland^, 
Ere yet such as give the values of reversions 
depending on survivorships among them too 
high. 

In order to understand this, it must be 
considered, that the difference between the 
probabilities of life in different situations, 
takes place much more in the first and mid- 

^ I owe this information to the kind and very obliging 
candour of the reverend and ingenious Dr. W£Bster, w 
Edi?i!urgk. 

*» More partienlar notice will be taken of this at the 
conclusion of the second J£ssay, 

dl^ 
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die than in the last stages of life ; and. that 
the effect of this must be to increase. Xh^ 
duration oi joint lives, and at the same, time 
to lessen thG.dnrsitlon of survivorsJiip injthose 
situations which are most favourably .jto 
health. Or, in other wprds, to . render , the 
duration . of iparriage in such situatiopi^, 
greater th^n it would otherwise be. in pror 
portion tp the duration of w idowhop^ ; .apidy 
consequently, to reduce the present ^aluf lit 
annual payments during marriage, of ^qji 
given annuity payable during widowhood; 
For instance. Were the probabilities of life 
among the .ministers and their .^1?^^^^ lA 
Scotland the samp Ijbiat they ar^. by l^r- 
De Moivres^ hypothesis, or in the JSreslaw 
and Northampton^ Tables of ObsQnration, the 
duration of marriages among them, taken 
one with another, could not be more thaja 
19 years. The duration of widowhood 
would be 22 years, and the maximum ^ of 
widows living at one time derived from 
667 marriages constantly kept up, would be 
considerably more than 4oo. Wereithe.pro- 
babilities of life anions; them the same that 
they are in Lonpon, the duration . ^f, mar . 
riage would be stlil less, and the dprfitipfi of 
, widowhood greater, and the maximum of 
widows derived from 60/ marriages, could 
not be less than 50p. But the fact is, that 
the duration of marriage among^them is 22 
jears nearly ; and that of widovf hood about 
VOL. L I .20 
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20 years and a half''. And it appears also, 
from accounts taken annually, that the num- 
ber of widows living at one time, derived 
from J the whole body of ministers and pro- 
fessbiTS, does not exceed 400. It is, there- 
fore, certain that a smaller income must be 
sufficient for the support of this scheme than 
would be necessary, according to the proba- 
bilities of life in the Tables just mentioned 
-^Ahd upon the whole ; after a careftd re- 
view of all the circumstances of this esta- 
blishment in its present state, I am well sa- 
tisfied that the success with which it has 
been hitherto attended, is likely to conti- 
nue; and tibat it wi& indeed prove a per^ 
manent foundation of that assistance to the 
widow and fatherless which is intended by 
it — Caution, however, and vigilance, will 
ibr some time be necessary. Many more 
years must pass before it can receive a de* 
cisive confirmation from experience. Events, 
have hitherto favoured it more than could 
have been reasonably expected. They nwy 
perhaps hereafter try it ; and deviations from 
probability may arise, which cannot be now 
foreseen. — But I ought to ask pardon for 
making these remarks. The venerable mi- 

' See a note at the conclusion of the second Essay; and 
aho note (F), at the end of tbb volume. The maxi* 
mum of widow» (supposed 395) divided by the number 
left annually (olr ID^io) gives 204, the expectatbn of 
widowhood. S«e pq(e 89^ and Note (A) at the end of- 
tbis-volune^ 

nisters 
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iiisters^nd professors concerned will, I hope, 
excuse me. They are eminently distinguished 
by their abilities and knowledge : and can 
have little need of any information which I 
am able to give them. 

Further Account qf the Association among 
the London and Middleseit Clergy ; and of 
the Establishment among //teMmisters and 
Professors in Scotland. 

J/HE Clergy of London and Middlesex 
agreed, in 1775, to new rules and jorders, 
by which such fines were required^ (on ac- 
count of -a subscriber's exceedifig the age 
of 40, and being older than his wire) 
and such reductions made in the annuities 
as would probably have rendered the con- 
tributions adequate to the expences of the 
association. But the event has been^ that in 
consequence of this necessary reformation, 
the Association has dwindled, and is now 
sunk so low as not to be likely to subsist 
much longer. 

On the contrary. The Establisment among 
the ministers and professors in Scotland has 
prospered to a degree which gives reason to 
believe that it cannot fail to answer th6 
hopes of the venerable body interested in it 
This has been pwing chiefly to the great 
ability and faithful zeal of the Rev. Dr. 
Webster, its founder and conductor. — ^Tp 
the account already ^eu of it in the Second 

1 2 Section, 
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widows aDd orphans, and made it impossible 
f that he should be ever remembered in the 
church of Scotland without gratitude and 
respect. 

It is much to be wished t^at institu* 
tions of the same kind could be establis- 
ed in England. Some efforts have been 
made to this purpose. The reverend and 
ingenious Mr. Gandy of Plymouth, having 
with much labour and ability' prepar^ 
a plan of this kin4 endeavoured in 1774 
and 1 77«$ to get it established in the diocese 
of Exeter^ Had he succeeded, the benefits 
arising from it would have become in a lit* 
tie time very conspicuous and an example 
would have been given which would per-^ 
haps have been followed in other dioceses* 
3ut he did not meet with sufficient encou- 
ragement, and the scheme was given up.-* 
Being unwilling that the time and pains 
which were employed in digesting and cal- 
culating the tables for this scheme should be 
entirely lost ; I have inserted some of the 
principal of them among the Tables in the 

next volume. The Rev. Mr. Grant, of 

Henly upon Thames, has been also lately 
angaged in soliciting encouragement to a 
similar scheme; ^d I heartily wish him 
the success his benevolence and abilities de- 
serve'. 

* This scheme has shared the fiite of Mr. Gandy't. M« 

Accwnt 
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Account of a Scheme estahluhed among the 
East-India Commanders. 

entered into an association for the purpose of 
proyiding for their nomineesj and did me 
the honour to desire I would recommend a 
scheme to them. They approved the fol- 
lowing, and have adopted it — Every mem- 
ber is entitled to o£'500 payable at his death 
to his nominee^ in consideration of ^50 at 
his admission^ and eleven animal payments oC 
£25, the first to be made at the beginning 
of the second year, and the right to every 
payment to depend on the continuance of 
the life of the subscriber. No subscriben 
must be admitted whose ages are not less than 
50 ; and their mean ages are reckoned at 40. 
In calculating, this scheme, interest was 
reckoned at S^ per cent. *; but a much higher 
improvement has for some years been made 
of money, - and the scheme has escaped the 
danger of being too much loaded in its in- 
fiincy. I am satisfied, therefore, that, with- 
out 

* The value, by Table XVII. in the next volume, reck- 
oning interest at 3{ per cent, of an annuity for eleven 
yean, on a life aged 40, the first payment to be made at tbe 
end of a year, is by Quest. VI. Chap. 1. 7.895.— The 
annuity, therefore, being jf25, its value is ^197, to 
which iToO, (the first payment) added makes £2AT\ 
which is also, by Quest. X. the value, reckoning the 
tame interest, of j£500 payable at the death of a person 
aged 40. — The same contribations, supposing money 
improved at 5 per cent, would entitle a nominee to ^600. 
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out altering the Contributions, the ^m pay- 
able to nominees may with perfect safety be 
increased to 5^550. Indeed, I should be in 
no pain were it even advanced to ^6oo, pro- 
vided only the contributions were made in 
giiineasy instead of pounds, and all sa^'ings 
made to accumulate in the short annuity for 
27 years from Chrismas last. ^ITie pro- 
gress of such an association vv^ill be as fol-^ 
lows.- — Suppose it to consist of 46 members, 
kept up from year to year by admitting, as 
old members die offi new ones at the mean 
age of 40. At first, according to Mr. De 
Moivres hypothesis, only one member will 
die annually; but, after a certain period, 
itvo will die annually. During this interval 
there will be savings which will raise a stock, 
the interest of which, when added to the 
annual contributions, will be just sufficient, 
when two members come to die annually, 
to pay two claims. — Supposing each claim 
5^550, theexpence of the association, when 
greatest y will be ^1 loo per ann. The con- 
tributions at that period will be first, ^50 
each (or <5£ioo in all) from two new mem- 
bers admitted every year; and ^25 each 
(or ^450 in all) from 18 ** other mem- 
bers who had not been admitted more than 
eleven years. The remainder (or ^550) 
necessary to make up ^l i oo per ann. will be 

* Out of a body of new members derived from two 
admitted every year at 40 for 1 1 years, it may be expected 
that two will die before the end of the 11th year. 

the 
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the interest of the capital, which, therefore, 
if .lodged in. the three per cents, must be 
^18,333. "Wiien, therefore, any such asso- 
ciation consisting of -46 members has raised 
this stock; or, if it consists of any other 
number of members, when it has raised a 
stock in the same proportion to it, that the 
standing number of members bears to 46, 
it will become a reasonable object of con- 
sideration whether the increase of its stock 
should not be discontinued, and all subse- 
quent savings, should any arise, be employed 
in either lessening the contributions or in- 
creasing the claims '. sect. 

' The examination of this Society's affairs was referred 
to me in the year 1/97, when it appciired th.it ilie num- 
ber of ihosc members who had com pleated their clfven 
payments amounted to -29, and the number of those who 
having been admitted at late jiciiuds had tu-t completed 
their payments amounted to -Ij. — At tliat period, or 21 
years after their establishment, 38 denflis hud taken place, 
which exceeded the number that should have )iiip|)cned 
according to the Noriliamplon 'lablo in tlic pn^nion of 
4 to 3. But the premiums having btcn computed at 3^ 
per cent, wliile their money liad hvv.n inipn»vc(l at 5 per 
cent, the inenased number of clHims w:i3 Iniknced by 
the increased accuniubition of the capitul, and therefore 
had their stock, which tlien eonsUtul uf .,i'6!>0 f,ir aiitivm 
in the Ixing Annuities, and an I'kchequer liill fur jf 1000, 
been sold for the sum which was orijriiiaHy p;iid for itj 
a considerable sjirplus; after disclinr;.'itig all dcmandi^ 
would have been left in favour of the JSocitty : Hut the 
subsequent depression of the funds at far lessened tlie 
value of the Society's cajmal as, nut o:i!y to destroy that 
surplus, but even to prodii(;e a ilefiimy to a larger 
amount. Ha|ipily, liowever, tlie funds since that pe- 
riod so far recovered as to restore the affiurs of the So- 
ciety, and to render tlieui secure, (a) 

[a) Since wTtting the above, the 'purposes for which 
they 
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SECT. m. 

Of the best Schemes for providing Annuities 

for Widows. 

Institutions for providing widows 

with annuities would, without doubts be ex- 
tremely useful, could such be contrived as 
would be durable, and at the same time easy 
and encouraging. The nature of things do 
not admit of this In the degree that Is com- 
monly imagined. The calculations and rules, 
in the preceding chapter, will enable any one 
to determine in all cases to what rever^ 
sionary annuities any given payments entitle, 
according to any given valuation of lives, or 
rate of interest. From Quest. VIL and VIIL 
in particular, it may be inferred that (interest 
being at 4 per cent, and the probabilities of 
life as in theBreslatVyNorwich,andNortha7np^ 
ton Tables) for an annual payment beginning 
immediately of four guineas during marriage ; 
and also for a guinea and a half in hand, on 
account of each year that the age of the hus- 
band exceeds the age of the wife ; every mar- 
ried man, under 40, might he entitled to an 
annuity for his widow, during life, of ^5 if 
he lives a year; ,s^lo if he lives three y ewes; 
and ^20 if he hves sevni years* 



they were oiginally associated no longer existing, the So* 
ciety dissolved themselves, and every Member received 
the full value of his Interest in tlic Capital. M. 

If 
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If such a society chuses, that those who 
shall happen to continue members the longest 
time, shall be entitled to still greater an- 
nuitiesy six guineas^ additional to all the other 
payments at admission, would be the full pay- 
ment for an annuity of ^25, and 1 2 gumeas 
for an annui^ of is 30 if a member shoidd 
live 15 years. 

All bachelors and widowers might be en- 
couraged to join such a society, by admittiilg 
them on the following terms. — Four guineas 
to be paid on admission^ and three guineai 
every year afterwards, during celibacv ; and 
on marriage^ the same payments with those 
made by persons admitted after marriage; 
in consideration of which, ^l per annunijfor 
every single payment before marriage, might 
be added to the annuities to which such 
Plumbers would have been otherwise entitled. 

For example. If they have been members 
four years, or made five payments before 
marriage, instead of being entitled to life-an- 
nuities for their widows of only ^5, ^10, 
^20, ^25, and ^30, on the conditions I 
have specified, they might be entitled to an- 
nuities of ^lo, ^l«, ^25, c3^30, and ^35. 
Or, if they have been members nine years, 
and made l o payments, they might, instead 
of the same annuities, be entitled to annui- 
ties of jgi5, 5^20, ^30, ^35, and ^40. — 
In this case, the contributions of such mem- 
bers as should happen to desert, or die in ce- 
libacy, would be so much profit to the so^ 

cicty. 
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ciety, tending to give it more strength and 
security. 

This is one of the best schemes that I can 
think of, or would chuse to recommend. 
But in the following scheme there is a sim- 
plicity and fairness which seem to give it 4 
particular preference. 

Every husband, be his age what it will> 
for a single payment at admission, of ^15, 
with ^1 ...105. added for every year that his 
age exceeds his wife's, and an annual pay^ 
ment of ^5 during marriage, (the first to 
be made at the end of a year) might en- 
title his wife, should he leave her a widow, 
to an annuity of jfiio for her life, if he 
lives owe year; ^11 if he lives /^ro years; 
^12 if he lives three years; and so on ; the 
annuity to increase continually at the rate of 
d£l for every year that the husband live* 

beyond one year. ^Any addition to thes^ 

payments might entitle to a proportionable 
addition to the annuity, and to its increase. 

^And should any husband under 40 wish 

to secure a sum for his children, pi^ovided he 
should leave no widow, he might for every 
annual payment of nine shillings, during 
life, entitle them to ^50, payable among 
them 4t his death, whenever that shall hap^ 
pen. Making all these payments guineas 
instead of pounds, might probably be suffi- 
cient, if the number of subscribers is con- 
siderable^ to defiray the expences of manage? 
ment 

There 
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. .There is one particular advaiitage which 
societies formed on plans of this kind would 
enjoy y. — Persons who know themselves sub- 
ject to disord^s which are likely (jo, .render 
them. short4ived, will have no great temp- 
tuitions to endeavour to gain admission into 
'$Hch .societies^ and, if admitted, thi^ danger 
from tbfem.will be less than on any other 
pl^n* Wer^, it not for this danger, the fol- 
lowing pjlan might be reconimepded. . 

W r 

f 

In the plans hitherto m/entioned it is im-^ 
plied, that, if either a member or his wife 
dies within any of the periods specified, the 
additional annuities, that would otherwise 
have become due, will be lost. But it woi^d 
be much more agreeable to a purchase;:,, tliat 
they should.be made certain to hiswiie^ pro- 
vided she * JiVes to the end of tlie3e periods, 
though in the mean time his own life should 
tail. Tlie value of such annuities may be 
compute4 by tbe rule in Question IX. 

Suppose, for instance, the scheme to be 
f that a. wife shall be entitled certainly to a 
*f Ufe7annuity of ^20, the first payment of 
!* wliicbshallbemadcat the end of 12 yearS^ 
? provided she should be then alive, and her 
** huskind dead ; or at the end of any year 
^ beyond this term in which she may bap- 
^ pen to be left a widow.'* Suppose it also 
stipulated, '^ that she shall be entitled to 

. 9 See WQtber advantage, mentiooed under Questioa 
VIH. 
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•• ^10 more, or ^30 in all, on the same 
•* terms, provided she should live l6 years." 
' — iTie value of such an expectation (interest 
being ziSper cent, and the probabilities of life 
as in the' Isorthampton Table of Observations) 
will be, in the most convenient round sums^ 
supposing n6ne admitted above fio years of 
age, seven guineas in annual payments to be 
continued during marriage, and to b^in im- 
mediately; besides four guineas* m present 
money for every year, as far as 15 yestfs.that 
the husband s age exceeds the wife's, if ne is 
between 4o and 5o, and three guineas on the 
s^me account if he is under 40 ; Or, if the 
whole value of the expectation ^ is given in 
olie present payment, ^70 added to a guinea 
and hialf for every year that the fausband*8 
age falls short of 50, besides the payment just 
mentioned on account of disparity of age. 

The value of this expectation at 4 per 
cent, is six guineas in annual payments ; be- 
sides three guineas in present money, for 
every year that the husband's age exce^ the 
wife's, if he is between 40 and fio; and two 
guineas, if he is under 40 : Or, if the whole 
value of the expectation is given in one pre- 
sent payment, ^56 added to ^l...Bs. for 
every year that his age falls short of 50, be- 
^des the payment last mentioned on account 
of inequality of age*. 

He 

^Suppooiig 16 yean the only term, die annai^ jfSOf 
and interest hi 4 per cent, the proper payments wiB be 
aetrly, hi the case of equal wes and smgk payments t 

jf46 
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He that will give himself the trouble ta 
calculate, agreeably to the directions In the 
Questions to which I have referred, will find 
that, taking all particular cates together, the 
rules now given come as near the truth as 
there is reason to desire in an affair of this 
nature^ the defects in some cases being nearly 
compensated by the excesses in others. 

Tliese determinations are agreeable to the 
probabilities of living in Dr. HalleySy as well 
as the Northampton Table of Observations^ 
or Tables 5th -and 17th in the next volume. 
These Tables seem to give a proper medium 
between the di^rent values of totvn and 
country lives. In the country the probabilities 
of living are much higher ; but in London, 
and probably in all great towns and some 
smaller ones, they are much lower. 

It is proper tp add, that, according to 
the values of lives deduced both from the 
London and Dr. Halleys Table, and taking 
interest as low as 3 per cent, all women 

j£^ — £40—^9, as the age of the man is 30, 40, or SO, 
Or, in mmtal payments, i^.80—i£^.66— i^.l3.~ 
Supposing the woman's age 10 years less than the' man's^ 
the same values will be, in single payments, i£^58.92r— 
iil?56.5(^— jfS8.66— in annual payments ^£"4.63— jf 5— 
^5.41. It appears, therefore, that a society, supposing 
flnoney improved at the rate of 4 Per cent, might entitle all 
married men indiscriminately y wno are under 50 years of 
age, to such an expectation as . this for their wives, far ei- 
ther £60 in one pyment, or five guineas in annual pay- 
ments. — But equity requires, that different payments should- 
be made according to Uie difierent comparative ages of men 
and their wives. 

w;hose 
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whose husbands are under 50 years of age, 
might be entitled .to an. annuity of ^24 
during Ufc (the first payment to be made at 
the /end of the year in \yhich they shall bc: 
left widows) for the sum of xl66, sup- 
posing ^3 additional givea on account of 
every year that they are younger than their 
husbands.- — At 4 per cent, an annuity of 
^30 might be granted oh the same terms- 

In the year 1690, the com jpany of Merce;-^ 
in London adopted such a scheme as that 
last mentioned. For ^100 in one present pay^ 
menty they entitled every subscriber to a /j/e- 
annuhy for his widow of ^30; and this, at 
that time, (when money bore 8 per cent, in- 
terest) was considerably less tharj the value 
of the money advanced, supposing men and 
their wives of equal ages. As the interest 
of money sunk, they sunk also the annuity, 
first to £25 and then to £20 and ^15. But 
at last, after carrying on the scheme for above 
SO years, finding the burden of the annui- 
tants too heavy, and likely to go on increas- 
ing, they were obliged to drop the scheme 
and to stop payment. In a little time, how- 
ever, by a parliamentary aid of ^3000 per 
annum, they were restored to a capacity of 
making good all their engagements, and of 
paying their arrears. — ^Their tailure is, in- 
deed, much to be lamented ; for, in conse- 
quence of it, the public has lost the benefit of 
an institution, that for many years promised 
the happiest elFects, by encouraging marriage, 
3 and 
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tihd aftbrding relief to indigence. The rapid 
fall of the ihteftist of money ; their adroit- 
ting purchasers at (00 advanced ages ; and, 
J)articularly, their paying no regard to the 
difierence o{ age between husbands and their 
wives, must have contributed much to hurt 
them. Some of the principal causesi there^ 
fore, which have rendered them unsuccess- 
ful, may b^ now avoided. 

It musti however, be remembered, that 
the issue of the best schenles of this kind 
must be in some degree tincertain. For want 
of proper observations % it is not possible to 
determine what allowances ought to be made, 
k^n account of the higher probabilities of life 
among females than males. No prudence 
can prevent all losses in the improvement of 
money ; tior dan any care guard against the 
incdnVenicnces to such schemes, which must 
arise from those persons being most ready to 
fly to them who, by reiason of concealed dis- 
orders, feel themselves most likely to want 
the benefit they offer. 

The societiesi therefore^ on which I have 
temarked in the first section of this chapter, 
would have reason to take warning from what 
has happened to the Mercers Company ^vi ere 
the schemes on which they are formed per-» 
fectly unexceptionable. * But 1 have demon- 

• This defect will, I hope, be in some measure re- 
moved by the Obsetvations and Tables m the next 
volume. 

VOL. I. K 'Strated 
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stratcd that these schemes are very defective; 
and that the longer they are carried on, the 
more mischief they must produce. Tis vain 
(as appears from Quest. III.) to form such 
establishments with the expectation of seeing 
their tate determined soon by experience. If 
not more extravagant than any ignorance 
can well make them, they uill go on pros- 
perously for 20 or 30 years; and, if at all 
tolerable, they may support themselves for 40 
or 50 years ; and at last end in distress and 
ruin. No experiments, therefore, of this 
sort should be tried hastily. An unsuccessful 
experiment must be productive of very per- 
nicious effects. All inadequate schemes lay 
the foundation of present relief on /ii/wrc ca- 
lamity, and afford assistance to ^few by dis- 
appointing and oppressing mulfittides. 

As the persons who conduct these schemes 
can mean nothing but the advantage of the 
public, they (uight to listen to these observa- 
tions. At present their plans are capable of 
being reformed; but they cannot continue 
so always ; for the greater number of exor- 
bitant payments they now make to annui- 
tants, the more they consume the property 
of future annuitants, and the less practicable 
a retreat is rendered to a rational and equit- 
able and permanent plan^. They shpuldj 
therefore, immediately ^ either reduce their 

schemes^ 



b 



See p. 90, 91. Sect. I. 

Thus ; wore the London^ Annuity Society to vdAa 

. thai 
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schemes^ or change them into pne of those 
which I have proposed^ But, 1 am afraid, 
this is not to be expected; The neglect with 
which they have received some remonstrances 
that have been already made to them> gives 
reason to fear, that what has been now said 
will be in vain ; and that those who are to 
come after them^ must be left to rue the con* 
sequences of their mistakes . 



SECT. IV. 



.Account of some foreign Institutions for tht 

Benefit qf fFidows. 

IN the Preface to the first edition of this 
Treatise, I took notice of an institution fot 
the sale of annuities payable on sur\ivor- 
ship, established at Amsterdam^ which seem- 
ed to be then much encouraged, and into 
which, I had been informed, many had en- 
tered from different parts of Europe. This 
was so wretched a deception that it was im- 
possible it should long stand its ground ; and 
1 am told that it now eidsts no more. I 
have, therefore, expunged the notice I took 

their lowest annuity if 10, the next ^20, and the highest 
jfSO, they would probably be safe. But, after proofed- 
Sng on their present plan some years longer, sttJh a re<* 
dttctloD- would by no means be sufficient. 

K 2 ol 
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of it in that Preface ; and I wiH not here 
give any further account of it. 

In 1739, an institution was established in 
Denmark under the patronage and guarantee- 
ship of the King of Denmark, which, with- 
out regarding ages, promised pensions to 
widows at the rate of 40 rixdoUars per wm^ 
tor life, from t|ie commencement of widow- 
hood, for every present payment of 1 10 rix- 
doUars. This being less than the true value 
of such pensions, the fate of this scheme 
has been the same with that of the Mercers 
Company mentioned in page 128. At the 
end of the year 17/8, its whole fund was 
exhausted, and the King of Denmark found 
himself burdened with the support of 700 
widows, and an obligation to support as 
many more as would be derived from IS 00 
marriages then remaining undissolved. 

At Breme7?, an institution was established 
in 1760, wiiich promised annuities to wi- 
dows for a payment on admission of a sum 
equal to one yearly payment of the annuity 
purchased, and an annual contribution during 
marriage of 1.5 percent (or a little more 
than a 7th) of the annuity. These pay- 
ments are not much more than half t^e pro- 
per compensation for the annuities. The 
conductors of the scheme have therefore bec» 
obliged to reduce the annuities 1 per cent.; 
and they ^411 soon be obliged to reduce them 
much more. 

The states of the du€hy of Ccdenberg, of 
M^iich Hanover is the capital, established m 

1767 
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if^7 a like scheme, but on terms stiU oaor^ 
deficient; for, tbotigh it diiiered from the 
two former schemes in paying a regard to 
the ages of married persons, yet, notwith* 
standing several augmentations, the contri- 
butions required by it did not two yearsago (♦) 
come up to half the value of the annuities* 
Great numbers, influenced probably by the 
lowness of the terms and the authority of the 
states h&ve been induced to encourage this 
institution. In I779f it bad annuities to 
pay to Ooo widows, and consisted of no Je»s 
than 3800 members/ or subscribers whose 
widows woukl be entitkd to annuities. In 
consequence of a rapid incriease, its ahsQffi* 
crency was not then become palpable enough 
to force either a dissolution, or a timdy 9nd 
cfiectoal reformation. It was^ thierefor^ 
hkt\y to Jay the foundation of great confitaioA 
and distress. , 

There arc probably many other &r^ga 
bubbles of this kind, of which I have no 
knowledge. The information which has 
enabled me to give this account I owe to 
Mr. 0£D£R of Oldenburg; and it is witl^ 
particular satisfaction, that I can from bini 
cm this occai^on add an account of one £o^ 
reign institution for the benefit of widows 
which is founded on just principles, and 
likely to be productive of great good.-— The 
plan of this institution h^is been formed and 
the calculations for setthng its terms have 

(*) That is, about the year 1788.— M. 

been 
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been made by Mr. Oeder, who appears in* 
deed to possess an acquaintance with this 
subject 30 extensive and correct as to be per- 
fectly qualified for such an office. ^This 

institution is intended only for the benefit of 
the inhabitants of the diocese of Lubec and 
the duchy of Oldenburg ; and the sovereign 
of this state has himself given it the sanc- 
tion of a statute, and guaranteed to his sub- 
jects the advantages i6 promises. At prices 
deduced by calculations at 4 per cent, from 
Mr. SusmilcKs Table of Observations, (See 
the Tables in the next volume), and agreeing 
nearly with the prices deduced by the rules 
in Quest. I. and IV. from the Northampton 
Table (or Table XVI I. in the next volume), 
it offers to a married man any annuity for 
his widow not exceeding 500 rixdollars^ (or 
about 5^88 per atm.) ^ payable for life ; but 
with a power reserved to the husband of di- 
recting that it shall be applied to the support 
of his children in case his v^dow should 
marry. 

ITiis institution farther enables a parent t© 
provide for his children annuities, (not ex- 
ceeding 500 rixdollars) payable to them in 
the event of their survivorship, till they are 
25 years of age. 

For example. To a husband, aged 35, this 
institution promises a life anduity of ^^l o pay- 
able to his widow, for either an annual pay- 

^ Six German rixdolUn make about a guinea. 

ment 
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ment of ^2... 15^. ^3...l*. ^3...7s..Ad. 
&c. or a single present payment of s£3l...7s. 
3d. ^3 6. ..6^. ^41.. 6s. &c. according as 
he is of the same age with his wife, or 5, 
1 o, &a years older. 

And if he wishes to make a provision for 
any of his cliildren, provided he should leave 
tliem orphans under age, he may purchase 
annuities payable to them from the time 
they shall happen to survive till they are 
25 years of age, at the rate of an annuity of 
^10 for every a^^nim/ payment during the 
joint lives, of ^l... 17s. .Ad. ^T...l4s. 
^l...7s..Ad, or a single payment of ^19... 
14^. — ^l8..A2s....Qd. ^\2...7s. according 
as the child's age is two, five, or ten • years. 
These values are greater or less as the age of 
the parent is greater or less; and all the 
prices of such annuities, and also of an- 
nuities for widows, are specified in Tables, 
for all ages and all differences of ages. 

The sufficiency of the receipts to answer 
tlie expences in this institution, as far as 
it provides annuities for widows, has been 
proved by Mr, Oeder in the clearest manner 
from accounts which have been collected in 

* It is obvious that the valuers ia this case for every 
annuity of ^'1 are, in a single paymerUy the excess of tha 
value of the life of the child for as many years as his age 
is less than 23, above the value of the joint lives for the 
seme time found by the Scholium to Quest. VI.; and, in 
annual payments beginning immediately, the Quotient aris- 
ing from dividing 'the single payment by the value ji^st meu-i 
tione4 of the joint lives, witu unity fklded, 

the 
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the duchy of Oldenhurgh of the duration of 
12/3 marriages, and compared withaccoukits 
of the duration of the widowhoods derived 

from these marriages. One circumstance 

In these accounts deserves particular notice. 

The ages of the men, one with another, 
ivhen the marriages just mentioned commen- 
ced, was 324- years ; of the women 28 years. 
The men lived after marrying ?7t y^^s; 
the womeji, 3 1 years and nine tenths* The 
former, according to Mr. SusmilcK^ Table 
(and also nearly according to the Narthamp^ 
ton. Table of Observations), should have 
lived only 27 years and one tenth ; and the 
letter, 29 years and eight tenths. The 
former, therefore, haying exceeded the du- 
ration of life exhibited in the Tables only 
six tenths of ayeai\ but the latter having ex- 
ceeded it above two years^ it follows that 
women, notwithstanding the hazards of the 
critical periods and of child-bearing, live 
longer than men. 

I will add, that by examining 154 of these 
marriages, I find their duration to have been , 
one with another, 2 1 years and a quarter, 
and the duration of the survivorship of the 
widows derived from them, 1 9 years, Had 
Mr. De Moivres hypothesis of an equal 
decrement of life been just, the letter would 
liave been longer than the former. The 
reason why the contrary happens has been 
given in p. 1 1 3, &c 

In these miarriages (if I may judge from 

examining 
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(examining only 140 of them) f(mr widows 
were left to three widowers, which shews v^ 
fChance of survivorship in favour of the wife 
in mairiage, greater than could h^ve taken 
place, had there been no othct reason for it 
thah inferiority of age. 

At HamburghfUn annuity scheme hasbeen^ 
lately established of a more comprehensive 
pature than any of the schemes which have 
been hitherto mentioned; but the accotint of 
it will be n^ore properly given at the con- 
plusion of the last section of this Cbaptccr 



SECT. V. 



Of ^hemea fQr providifig Annuities fw old 

Age, 

A GENERAJ^ disposition has latdy shewn 
itself, tp encourage schemes for granting an^ 
nuities to persons in the latter stages ot life ; 
^iid this has occasioned thp 6th Question 
in the former chapter; and, as a further 
^d more particular direction in cases of this 
kind, I have thought it necessary here to ghre 
^hc following Table. 



Values 
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as*, for lift, mf- 
tatO,*» V' 
*oM wboie ages 

an 


Valttcs in one 
frttent poffmtni^ 
incereit 4 ptr 
cmtt. 


Inttrnt 
3 per cent. 


Values in annu» 
al paynuntt till 
50, to brgin at 
theendofayfar, 
interest 4 per cL 


Interest 
S ptr ant. 


JO 


1.235 


2.015 


• 

.079 


.113 


15 


1.583 


2.444 


.106 


.146 


20 


2.028 


2.989 


.146 


.193 


25 


2.594 


3.644 


.203 


.259 


30 


3.369 


4.508 


.297 


.366 


35 


4.446 . 


5,667 


.466 


.559 


40 


5.953 


7.232 


.822 


.950 


TdM» «f (kr 
■■eaaDnityaf. 
«rtS,taasef 


■ 




Valnef in u- 
Bual payments 
till 55. 


1 


80 


2.114 


2.937 


.197 


.211 


35 


2.722 


3.632 


.241 


.297 


40 


3.732 


4.708 


.394 


.464 


45 


5.088 


6.115 


.703 


.803 


Talaet of tkc 
mmt aaauity, 
after 00, to ages 




* 


Valaes in animal 
paymenu till 60 

1 




35 


1.667 


2.290 


.135 


.16a 


40 


2.234 


2.923 


.203 


.245 


45 


3.043 


3.811 


.327 


.384 


50 


4.255 


5.061 

• 


.600 


.679 



The numbers in the 2d and Sdi columns 
of this Table; multiplied hy any annuity^ 
will give the value of that annuity in a single 
payment^ to be enjoyed for life, by the ages 
corresponding to those numbers in the first 
column, offer the age at the bead of that 

column^ 



jtmmkieffar old Age. I3f 

column. — And in the s^pie manner; the 
numbers in the 4tli and 5 th columns will 
give the values in annual payments. — ^Thus : 
The value of 5^44 per anman, to be enjoyed 
for life, after 50, by a person now 40, {ixkr 
terest at 4 per cent.) is 5.953 multiplied by 
44, or ^261.9 in a single payment; and 
.822, multiplied by 44, or ^iQAJ, in an- 
nual payments till 50, the first payment to 
be made at the end of a year. 

In order to find the same values, partly in 
annual payments, and partly in any given en- 
trance or admission money ; say, " As t}ie va- 
" lue of the given annuity in a shigle^^yxxx&at^ 
" (found in the way just mentioned) is to the 
^ given entrance money ; so is its value in an- 
^ nual payments, to a fourth proportional; 
^ which, subtracted from the value in annual 
^ payments, the remainder will be the annual 
^ payment due, over and above the given 
f entrance money .'^ 

EXAMPLE. 

Suppose a person now 40, to be willing to 
pay ii^200 entrance-money, besides such an 
annual payment for 1 years as shall, toge- 
ther witfi his entrance-money, be sufficient 
to entitle him to a life-annuity of 5^44 after 
AO. What ought the annual payment to be? 

ANSWER.. 

fg8.55.— For, 5^261.9, is te ^200 as 

1 , £tQ.l7p 



I4d OfS^iemsJhrphmdiMg 

^i6j ?y tb dE27.62; which, subtracted from 
j|^»6.l7, th6 renuiinder is ^8.J5. 

This Titbit has been calcukted from the 
pt^abUitie^ of living ift Table V. in the next 
volume, andMr.DeM<W2;3re5valtiation of lives. 
The probabilities of life among the inba* 
bitants of London, are (as I have often bad 
occasion to observe) much lower than 
among the generahty of mankind; and the 
values in the preceding TaWe> had they been 
given agreeably to the London Observations, 
would have beeri less. But, certainiv, an 
AfRce or society, that means to be a perma- 
iwmt advantage to the public, ought always 
to take higher rather than lower values, 
ibrthesftkeof rendering itself more secure, 
And gdning some profits to balance losses and 
0xpences. 

* There have lately been established, in 
London, several societies for granting such 
annuities as those now mentioned ; and he 
that will compare their true values, as they 
may be learnt from the preceding Table, 
with the terms of admission into these socie* 
ties, 4S given in their printed Abstracts and 
Tables ^ must be surprised and shocked. They 
are all impositions on the public, proceeding 
froni ignorance, and encouraged by credulity 
and foUy. 

It has been shewn ; that the proper pay- 

jnent (allowing compound interest at 4 per 

emi^) for an annuity of ^44 to be enjojedby 

a a person 
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H person now 40^/01' what may happen to re- 
main of his life id^er 50, 19 ^^200 in admia- 
monrmoney; besides d£8.55, or ^S...tls. in 
annwil payments till he attains £0, the £rst 
of . these payments to be made at the end of 
m 3rear.«~The conditions of obtaining this 
annuity, according to the present Tables of 
the Laudahle Society ofAnnuiiantsJor thtB^ 
ne^t of Age, (^> consisting of about 1 300 mem- 
bers are ^^76. •.17^- in admission-w)(mey i^nd 
^O..AAs. in annual payments* — ^Accordiogto 
theTaMes of the society of Lon^fcm AtmuitantM 
for the Benefit of Age, the conditions of ob- 
taining the same annuity are .^30 in admu- 
-eion-money , and ^10 in annual paymente.-^ 
The Equitable Society of Annuitants x^uires 
ibr the same annuity ^38... 109. in cidmi^ 
tion^mottey, and.3^13 in annual payments. 
The true value is, over and above the.adfm»^ 
fion-money just mentioned, an annual pay- 
ment of ^30. .. 1 7«. (interest reckoned at 4 per 
cent.) or an annual payment of 3£d6...l5& 
(interest reckoned at 8 per cent.) — ^TheLoii^ 
don Union Society for the comfortable sup- 
port of aged members promises an annuity of 
no less than 50 guineas for life, after 50, to a 
person now 40, for ^40:,. 105. admission- 
money, and ^7 in annual payments. 

The Amicable Society of Annuitants for the 



f '\ 



The first members of this Society have paid no ad- 
mission-money ; and are now expecting ijf44 per anrhtm 
for contributions which do not entitle theiiij one wi& 
another, to if 10 per annum. 

(*) Most of these Societies have long ago ended ux 
ruin,— M. 

hen^t 
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benefit of age, promises an annuity of dS26 
per annum, for life, to a person now 40, after 
attaining 50, for ^28.., 1 6^. in adrnksmn- 
money, and £Q in annual payments. — ^Thc 
true value of this annuity is ^28... 1 6$. in 
admission-money, and £\7...Ss. in annual 
payments, (interest supposed at 4 per cent.); 
•or the same sum in admission-money, and 
^20. .J 8^. in annual payments, interest sup- 
posed at 3 per cent. 

The Provident Society for the benefit of 
age, consisting of 1 28 o members, promises an 
annuity of ^25 to a person now 40, after 
the age of 50, for 34 guineas in admission** 
money, and eight guineas in annual pay- 
ments. The true value is, 34 guineas in (id- 
mission-money, and ^15... 12.9. in annual 
payments, interest at 4 per cent. ; or, the same 
sum in admission-money, and ^ 1 9 in annual 
payments, interest being at 3 per centK 

But I will not tire the reader, by going, in 
this manner, through the schemes of all these 
societies. The contrivers of them, it is certain, 
can know nothing of the principles on which 
the rule in Quest. VI. and the demonstration 
of it in Note (B) at the end of this volume, 
are founded ; and, therefore, if unwilling to 
be guided by the authority of mathematicians, 
it may not be possible to convince them of 

< The account here given of the terms on which a 

r^noQ whose age is 40, is admitted into these societies, 
have taken from their printed Tables as they stood aC 
Aer ead of the year 1 770. — ^In the younger agea^ the de- 
fciimcies are greater. 

their 
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. their mistakes^ I will, however, ofier to 
them the following demonstration^ which 
will he understood without difficultj, by 

. every one who knows how to compute tti 
increase of money at compound interest 
The value of a life at 50, (interest being 

• at 4 per cent.} is 1 14 years purchase by Ta- 

. ble VI, in the next vojume. For an an- 
nuity, therefore, of ^44 per annum for life, 
to be enjoyed by a person at this age, ^4g8 
ought to be given. Two in three of a num- 
ber of persons at the age of 32 will (by 
Tables V, VIII, and XVII, in the next vo- 
lume) live to 50; and therefore, in order to 
be able to pay an annuity to them of ^44 
for life, after 60, the money now advanced 
by every three, ought to be such as will, in 
consequence of being laid up to be improved, 
increase in 1 8 years to double ^4Q8, that is, 
to ^096. — ^From the preceding Table it may 
be learnt, that the money which ought to be 
advanced by every single person is JSlQs, or 
by three persons ^495; and this, in 1(1 
years, will "(as may be learnt from Table III. 
in the next volume) double inself, or increase 
to just the sum that will then be the value of 
the annuities to be paid. — But the money re- 
quired in this case by the Laudable Society, 
is d€l4...il8..^9d. from each member at ad- 
mission, besides an onTtz/o/ payment of ^4. 

-The admission-money, therefore, of two 
members, being ^29,.. 35, •..6{/. may be in- 
creased to twke this sum, or to £59^..7s. 

An 
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An annual payment of £4 for K 8 years wjplTy 
if perfectly improved at 4 per cent, com* 
pound interest, increase to i' 1 02 ; and two 
such annual payments will increase to <£'204> 
as may be learnt from Table IV. in the next 
yolunate* 

. Tlje whole pay, therefore, of ttvo raem- 
ber» will produce at the end of 18 j^ears 
^"262... 7^. — A third part, I hare said, will 
^e before 50 years of age, and these wilt 
Kvc one with another () years. An annuity 
^ JC4 for this time, will produce a capital of 
J^41i...6s. See Table IV. in the next vo- 
lume; and this capital improved for nine 
years more will increase to jLdo, The whole 
profit, therefore, from the member who will 
die is, his admission-money doubled and add- 
ed to c£6o, or X8Q...3s...Qd. And this sum 
added to X262...7S. makes £35l...iOs...6d4 
the whoie money w ith which the society can 
be provided, at the end of 1 8 years, to beat 
the expence of two life*annuities, worth to- 
gether ^£996* 

By a similar computation it may be founds 
that the improvement of money at only 8 per 
cent, will sink the for rner sum to ^324 at the 
same time that the values of .the annuitici 
will be raised to ^1 loo. 

The deficiencies in the schemes of biost 
of the other societies, are no less co^ider* 
able. — What confusion then must they pro-* 
ducc some time or other ? How barbarous is 
it thuft to draw money from the pubKc by 

promises 
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proAlses of advantages that cannot be obtain- 
ed? Have we not ab%ady suffered too much 
by hubbies P 

. I have said, that these societies are " im- 
" positions on the pubHc, proceeding from 
** Ignorance, and supported by credulity and 
" folly." But this is too gentle a censure. 
There is reason to believe that worse princi- 
ples have contributed to their rise and support. 
The present members, consisting chiefly of 
persons in the more advanced ages, who have 
been admitted on the easiest terms, believe 
that the schemes they are supporting will 
last their time, and that tlicy will be gainers. 
And as to the injury that may be done to 
Xhciv successors, Qvloyouvgermemhcrs.'iii^fitVL 
distance, and they care little about it. Agree- 
ably to this principle, the founders of these 
societies begin so low as not to require 
perhaps a fourth or a ffth of the values of 
the annuities they promise. Afterwards 
they advance gradually, just as if they 
imagined, that the value of the annuities 
was nothing determinate, but increased with 
every increase of the society. But, as no 
ignorance can believe tliis, the true design ap- 
pears to be, to form soon as large a society 
ds possible, by leading the unwary to endea- 
vour to he foremost in their applications, lest 
the advantage of getting in, on the easiest 
terms, should be lost. It is well known, that 
these arts hav^ aucceeded wonderfully ; and. 
tha^. in consequence of them, these societies 
' VOL. I. L now 
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now consist of persons who, fcr the same an- 
nuities, make higher or lower paymcnts\c- 
cording to the time when they have been ad- 
mitted ; and the generality of whom, there- 
fore, must know, that either more than the 
values have been required of the members 
last admitted; or, if not, that they are them- 
selves expecting considerable annuities, for 
which they have given no valuable consi- 
deration, and which, if paid them, must be 
stolen from tlie pockets of some of their fd- 
low-members ^. 

I do not, Jiowever, mean to condemn all 
institutions of this kind. They may be very 
useful, if the full values are taken, and pro- 
per care is used in the improvement of money. 
Interest, in these cases, ought not to be reckon- 
ed higher than 3 per cent, and, supposing 
money improved at this rate, a person, for a 
single payment of ^so before he is 40, 
might be entitled to a life-annuity of 1 gui- 

^ If any person wants more information than I hm 
given bim concerning these societies he should consult 
a work of great merit, published since the second editioD 
of this treatise, and entitled. Calculations detbutd 
Jtomfrsi Principles^ in the most familiar Manner^ If 
plain Arithmetic, for the Use of the Societies iTistiiuiedftf 
the Benefit of old Age \ intended as an Introduction to the 
Study of the Doctrine of Annuities. By Mr. DaUf t 
Member of^ one of the Siocieties. In this'lVeatise tbm 
is not only a very ample account given of die insnfi- 
ciency and iniquity of the schemes of these Societies, bat 
the principles on which the values of aJl annuities oo 
slhgle lives are determined, and the method of caloulatinf 
them, are explained with the greatest clearness^ 

neas 
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neas (ifier 55 \ or^ if he chuses it, to a life- 
annuity of ^1 7 after 6o. But if he pays the 
same sum before he is 34, he might be eo^' 
titled to a life-annuity of ^14 after- 65, or 
^^2 (ifter 6o. £25 Would purchase for him 
half these annuities; and ^100 double/ 
A society or office that would go on this 

{)lan, might do great service. Persons in the 
ower stations of life might be brought to a 
habit of industry, in the beginning of life, 
by striving to get ^25, or ^eso, beforehand 
in order to purchase such annuities, and thus 
to make provision for themselves in the more 
advanced parts of life, when they will be in- 
capable of labour '. 

It 



' The benevolent Mr« Howard^ !b his State of the Pri- 
sons in England and IValeSj p. 60. Octavo Edit, gives 
the following account of an institution at Harlem in liol* 
land. ** In this city/* he says, " tliere is a noble hos-* 
*' piial, airy and spacious, oailed the ProevenierSf in 
^ which the persons admitted are decently provided witlk 
** meat, drink, and lodging, during theif lives, and a 
*' buiying-place at their decease. Pers6ns of all ages^ 
'nRtoid 20 to the roost advanced periods, are admitted, 
*' though it is not common for any under 40 to apply for 
^ admission. At entrance each person pavs a greater or 
^ smaller sum, according to his age. If nis age is 30, 
^hepa}'s4500; if 40, he pays 3900; if 50, he pays 
'* 5300; if 60, 70, &c. he pays 2700, 2100, &c. flonns; 
<^ and in proportion to these sums, at all the intermediate 
■** ages.— -A common ta!>le is provided for all that are not 
^ sick or infirm. — It often happens that there are not va- 
^ cant places when persons desire admisrion. Bnt many 
^ secure places before a vacancy, by paying 200 florins 
^ in advance of their entrance-mon^, in consequence 
*' of which their names are inscribea in a list, and the 

I- 2 *• money 
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It is proper to observe here, that institu- 
tions of this kind would furnish one of the 
safest ways of providing for widows. — A 
married man might, by paying ^loo before 
his wnife attained 40, in title her, after 55^ or 
6o, to a life-annuity of . 3^21, or a^34. Of, 
by paying the same sum before she attained 
34, he might intitle her, after the same ages, 
to a life-annuity of ^28, or^44''; and in 
this case he would have a chance of sharing 
himself in the benefit of the annuitv. 

I have called this the safest way of pro- 
viding for widows, because attended with 
none of the dangers arising from dispropor- 
tion of age between men and their wives, 
and from the admission of persons labouring 
under concealed distempers. 

I cannot conclude this Section, without 
mentioning the following plan of a provision 
for Old Age. 

Let 13 guineas be given as entrance-moiieyi 
and let besides ^1, ^2, ^3, ^4, &c. be 
given at the beginning of the 1 st, 2d, 3d, 4th, 
&c. years, as the payments for these years re- 
spectively; and let the last payment be.3Sl6 
at the beginning of the l6th year. All these 
payments put together w ill, according to the 

*' money deducted from tlic sum required when they 
** enter. — Those wlio chusc to leave the house, receive, 
*^ duiiiig the remainder of their lives, a certain but small 
" interest for the sum whicl) they paid at admission.*' 

'^ The same payment before 30, would entitle to an an- 
nuity of £22 after 50. 

probabilities 
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.probabilities of life in the 5th or 8tU-Ta- 
bles in the next volume, (interest being at 
4 per cent.) entitle a person, whose age was 
40 when he begun them, to an annuity, af- 
ter 15 years, beginning with sSl5, and in- 
creasing at the rate of ,iSi every year, till 
at the end of 15 ycirs, or' when he has 
reached to 70, it becomes a standing annuity 
of ^30 for the remainder of his life. 

If the addition nf three guineas is made to 
the cutraiicc-moncy , foreveryyeartlmtanylife 
between 30 and -lo falis short of 40, the va- 
lue ■will be obtained nearly, of the same an- 
nuity to be enjoyed by that life, after the 
same number of years, and increasing in 
the same manner, tilf it becomes stat'wnaTy 
and double. — —This plan is particularly 
inviting, as it makes the largest payments 
become due, when the near approach of the 
janriuity renders the encouragement to them 
greatest ; and as, likewise, the annuity is to 
increase continually with age, till it comes 
to be highest ", when life is most in the de- 
cline, 

' Awording to the prohabilitics of life in the Lmdmi 
Table, this ennuity should be gmiter.^A Theorem for 
finding whnt the annuity oug'ht to be in these cases, is 
given in Note (I), at the end of this volume. 

"■ Tlie loftcr part of manliind ore objects of paittcular 
compassion, when rendered incapable, by accident, sick- 
ness, or age, of earniDgjtbeir subsistence. ,,Thiii has 
givenrisc to mauj very useful societies omon^ t^ci, for 
gnoting relief to one another^ out of little faaia supplied 

*^ 
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cline, and when therefore it will be most 
\iseful. — It is further a recommendation of 

this 



by weekly contributions. A todety of tbk kind, formed 
on the following plan, would probably thrive. 

Let the society, at its first establishment, consist of 100 
persons, all between 30 and 40; and whose mean age 
may therefore be reckoned 36 ; and let it be supposed to 
be always kept up to this number, by the admission of 
new members, between the ages of 30 and 40, as old 
members die off. Let the contribution of each member 
be* four-pence per week, making, from the whole body, 
an annual contribution of ^85... 17^- — ^Let it be further 
supposed, that seven of them will £U1 every year into dis- 
orders, that shall incapacitate them for seven weeks.— 
^30...i2j. of the annual contribution will be just suffi- 
cient to enable the society to grant to each of these 12s. 
per week, during their illnesses. And the remaining j£SS 
per annum J laid up and carefully improved at S| per cent 
will increase to a capital that shall be sufEctent, according 
to the chances of life in Tables V, VUl, and XVU» in 
the next volume, to enable the society to pay to even 
member, ajier UJ years of age, or upon entenng hb 68& 
year, an annuity, beginning vrith iSS^ and incieamg at 
the rate of j£^i every year for seven years, till^ at the age 
of 7^9 it came to be a standing annuity of ^12 for W 
remainder of life. 

Were such a society to make its contribution levni 
pence per vretkf an allowance of 15^. miglit be made^ on 
the same 6U{qxisitions, to every member during tidoiess; 
besides the payment of an annuity bq^nning with ^5 
when a member eptenS his 64th year, and encreaaiiig for 
15 years, till^ at 79, it became fixed for the lemahwr of 
life at jf20. 

If the probabilities of life are lower amone the laboorin^ 
poor, than among the generality of mankmd^ this plan 
will be |o much the more sure of succeeding. 

In 1773| ft jpamphlet was published, entitled, ji Prd^ 
fosal Jbr estqtiiskmg Life Anmuiies in Parishes, Jim the 

Benefii 
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this plan that less depends in it on the imr 
provewent of money than in most other 

plans. 



Benefit iff the indtisiriaus Poor.'* — ^ It is," says this writer, 
*' a common (a) observation that the money annually 
** raised for the poor, amounts to, at leasts a million a 
year; and that yet in many places they are but indif- 
ferently provided for. To make provision for one*s 
old age u so natural a piece of prudence, that it seems 
*^ at first sight wonderhil, that it should not be generally 
** practised by the labouring poor, as it is almost uni* 
^* versally by perscms in the higher patlis of industry : 
*' Nor can their negligence in this respect be accounted 
^* for, in any other way so naturally, as by ascribing it 
^' to their wanting proper opportunities of employing the 
*^ money they might save, in some safe and easy metliod 
^ that would procure them a suitable advantage from it 
** in the latter periods of their lives. They know, for 
'* the most part, but little of the public funds ; and when 
^ it happens that they are acquainted with them, the 
^* smalloess of the sum they would be entitled to receive, 
^* as the interest of the money they could afford to lay 
^ out in them, is no encouragement to them to dispose 
^ of it in that way. What inducement, for instance, 
^ can it be to a man who has saved ten pounds out of his 
^ year's wages, to invest it in the purchase of S per cent. 
'' Bank annuities^ to consider that it will produce him six 
•( or sev^n shillings a year? It is but the wages of three 
^ days labour. And if they lend their nu)ney to trades- 
^* men of their acquaintance, as they sometimes do, it 
^ happens not unfrequently that their cn.'ditor becomes a 
'' bankrupt, and tlie money they had trusted him with is 
** lost for ever; which discouragei others of them bom 
*' saving their money at all, and makes themrtdsolve to 
<< spend it in the enjoyment of present pleasure. But if 



(a) The amount of the poor-rate for one year at the end 
of the reign of king Cliarles II. was ^665,362. See 

lHwenant*s woiks^ Vol. I. p. 3d. ^In 1777, it wns 

^l,&56j804, according to theretums made in that yeap 
ID parliament by the overseers of the poor. 

«« they 
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plans. — But I must leave these hints to be 
pursued by others. 

The 



** they saw an easy method of employing the money they 
^' could spare in such a manner as would procure tncm a 
** considerable income in return for it at some future pe- 
'^ riod of their lives, without any such hazard of losing it by 
^' another man's folly or misfortune, it is probable they 
'^ would frequently embrace it : And thus a diminution of 
^* the poor-rate on the estates of the rich, and increase of 
<< present industry and sobriety in the poor, and a more in- 
<^ dependent and comtbrtabie support of them in 'their old 
^ age, would be the happy consequences of such an esta^ 
*^ blishment. Now this might be effected in the following 
« method/' 

First, '* Let the church-wardens and overseers of every 
^' parish be inipowered, by act of parliament, to grant life- 
*^ annuities to such of the inhabitants of the parish as shall 
'^ be inclined to purchase them, to commence at the ^nd of 
^ one, two, or three years, or such other future period of 

time as the piurchaser shall chuse, and to be paid out of 

the poor-rates of the parish, so that the lands and other 
^ property in the parish that is chargeable to the poor- 
^ rate, shall be answerable for the payment of these an- 
^* nuities. 'I'his circumstance would give these annui- 
*< tics great credit with the poor inhabitants, by setting 
<< before them a solid and ample security for the payment' 
*^ of them." 

Secondly, ^ Let the annuities, thus granted tCi the 
^* poor inhabitants, be such as arise from a supposition 
^ that the interest of money is 3 per cent, or some Kgber 
^' rate of interest, if the church-wardens and overseers <rf 
^ the poor think fit to make use of such higher interest/' 

Thirdly^ <^ But at the rate of fi per cenL the purchaser 
^ shouMbhtve a right to an annuity, and the church-wur- 
*^ dens uwft overseers of the poor should be compellable to 
*' grant it/' 

Fourthly, ^< No annuity depending on one life sbonld 
** exceed jt'20 a year." 

Fitlhly, ^< No less som than ^5 should be nflcmed 
^ to be emph)yed in the purchase 6f an anoui^^ 



It 
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The body of dissenting ministers in Lon- 
don had under consideration some time ago 

** Thb IS to avoid intricacy and multiplicity in the ac- 



counts/* 



Sixthly, *^ An exact register of these grants should be 
*^ kept, by the church-wardens and overseers of the poor, 
^' in proper books for the purpose, in which the grants 
** should be copied exactly, and the copy of each grant 
" subscribed by the person to whom it is granted. And 
^^ this copy, in the register-book of the parish, should be 
<< good evidence of the puvcha9er*8 rlglit to the anolrity, ia 
** case the original deed of gtmnt to the purchaser, which 
^' was delivered to liim at the ttme of the purchase, should 
" be afterwards lost." 

Seventhly, /^The mon^y thus paid to the ohdrdy* 
^^ wardens and overseers of the poor for the purpose ot 
" lifc-an«uities, should he eiiriployed in the purchase of 
*^Sp^ cent. Bafik-annuM^s iu ihe)oidt names of alltki 
<^ chureh^wardens and overseers, and l^y tbem trap^enr^ 
*' at the e^^pjr^tion of their offices to their successors, . and 
*'so on to" Aie next successors for eVer, ^p' as to be 
^^ always iM legal property of Ilie church-ViiTd^fis and 
** overscera.pf the poor for thfril$me. being, in fru^ Sqp 
'' the persons ^wbo should be /?RtiUt:d to tl\e several li£e^ 
'5 annuities, igrahtcd in the intinner' above mentioned'; aria 
** the interest rf this money shoiiM' 'be reCeiv^ every 
*^ half year, and. invested in the purchase of more prin« 
'^ cipal contiouaUy^ so as to make. a perpetual fund -for 
'' the payment ' dP the annuities, &c. &c. Deficiencies. 
^ if any should everhi^jpen, to be inade-good by thepooN 
" rates, kc. fte.** ,^ . 

The very able and public spirited wf iter of the pamr 

?hlet from which 1 liave taken this quotation, now Cursitor 
tafonof the' Exchequer, took great pains to carry intd 
cocecutioD the design he has explained in it« With thia 
view, a bill, with suitable Tablet annexed, was bfought 
into the House of Commons and supported by the excel- 
lent Sir Gearoe Saville, the late Mr. Dowdeswell, and 
many others- of the most respectable members. It passed 
that House 'ifitlitMit much oppoBitsoo, but was rejected in 
the House of Lords. . * . 

1 apiao 
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a plan of this kind ; and a set of Tables 
were composed for them. The design was 
dropped; but as it is possible it may be taken 
up again> and the Tables may be of use, I 
Imve thought fit to preserve them by insert- 
ing them among the additional Tables and 
ObKservations in the next volume. 



Additional Account of the Societies for the 

Benefit of old Age. 

oINCE the publication, in three former 
editions of the Observations in the pre- 
ceding Section, almost all the Societies men- 
tioned in it, convinced of the insufficiency 
and pernicious tendency of their plans, have 
dissolved themselves* and distributed among 
their subscribers the money they had paid, 
^th such intercut or profit as remained after, 
deducting the exnences of management ; and 
there are now left within my knowledge only 
two of these societies which requiit any par- 
ticular notice. I mean, the Amicable and 
the Laudable Societies ybr the Benefit of Age. 
The first of these Societies meiitioned in 
p. 142, finding upon examination that, in- 
stead of an annuity of «s£26, they could not 
in reality afford to pay a higher annuity 
than ^8, determined, with great fairness, to 
leave it to the option of all their members, 
either to continue their contributions with 
a view to this rediced annui^, or to take 

back 
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back all they had paid and withdraw. Near 
two hundred members having chosen the 
fonner, the Society now consists of tkem 
only, and therefore can scarcely be in any 

danger. ^The other Society, mentioned 

p. 141, has also sunk the annuity it pro- 
mises from £4A to ^24; but it is cer- 
tain, that it cannot permanently pay to all 
its members a greater annuity than ^15. I 
should lose too much time were I to give 
an account of the calculations which prove 
this. He that would see it demonstrated 
"with all possible clearness, should consult a 
Tract published in 1777, by Mr. Do/tf, en- 
titled, A Supplement to Caiculatiotu de- 
duced from first Principles, &c. Wo person 
who understands common arithmetic can 
avoid being convinced by the evidence 
offered in this Tract, nor can any hrniett 
man avoid being shocked by the narrative it 
contiUQS of the obstinacy with which the 
majority in this Society have persevered in 
error, contrary to the efforts of the more re- 
spectable part of the Society ; and in defiance 
of reason, jnstice, and humanity. I cannot, 
in short, speak more properly on this sub- 
ject than in the words of Mr. Morgan in his 
'TrtaJiix on iheDoctrine of Life Annuities and 
Aasurancet, p. 47. " There is one Society 
* for the benefit of old age still left, on 
" which, none of the calls of justice and 
" humanity have been able to make any pro-r 
^ per impression. I mean the Laudaoie So- 
2 " cieijf 
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/' ciety of Annuitants, whose office is held 
•* at the bottom of Bartholomew-Lane. In 
'* opposition to the plainest e\'idence, this 
" Society goes on to offer double the annuity 
^ it can afford to pay ; and the late trans- 
** actions in it (as related by !Mr. Dale in 
** his Supplement) exhibit an instance of 
'* such an obstinate and wilful perseve- 
*' ranee in imposition as hath seldom been 

'* equalled. 1 am sorry to add," says 

iSlr. Morgan^ " that this censure is applica- 
^ ble to another Society called also Lauda- 
" BL£, but in reality pernicious, as many 
** suffering "widows will some time or other 
^ experience.*' 

It is here said, that this Society promises 
Rouble the annuity it can pay ; that is, ^24^ 
when in reality it can pay only <5^12 ; where- 
as I have said tliat it may pay ^\t. In 
order to explain this difference, it is neces- 
JBary to observe that Mr. Dale has shewn 
that ^15 nearly is the annuity which the 
Society can afford to pay according to the 
chances of living in Dr. Halkys or the 
Bresloiv Table; but that the chances of liv- 
ing in the Society had for eight years before 
lyy^^'f (when the number of the Society was 
above 1300, and its stock near ^96,000) 
been found by particular enquiry to be not 
much less than double to those at the same 

" I know ndt wfaat the nte of mortality, in the Societjr 
has been since this jear. 

ages 
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ages in the Table; from whence it follows, 
that the annuity payable by the Society being 
more valuable, it ought not to be so high as 
^15, nor probably more than *^12. — ^The 
fact now mentioned is important, but not sin- 
gular ; for it has been found to take place 
in other similar situations "" ; and the reason . 
is, that Dr. Halhys and most other Tables 
of Observations give the chances of living as 
they exist in towns among men of all sorts 
taken in the gross ; whereas such Societies 
as those for the benefit of old age, and in 
general all purchasers of life-annuities for 
themselves, must consist of a selection of the 
best lives. 

POSTSCRIPT. 

Since the preceding Observations were" 
written, 1 have been informed that this 
Society has reduced its annuity from ^24 
to 5^20, This reduction, together with the 
high interest at which money may be now 
improved (particularly in the short annuity), 
•will prolong considerably the duration of the 
Society; but unless it is favoured by.uncom-' 
mon events, cannot make it permanent p. 

SECT. 

^ See additional Observations on Civil Liberty, page 
135. 

"^ lliis prediction has been abundantly verified 5 for, 
after having gradually reduced their annuities to j^8, it 

appeared 
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SECT. VI. 

Of the Amicable Society for a perpetual Assu- 
rance Office : And the Society for Equitable 
Assurances on Lives and Survivorships. 

X HE loth Problem has been given, with a 
particular xiew. to the corporation of the 
Amicable Society, for a perpetual Assurance- 
OfRce on single lives, kept in Serjeanfs-hin. 
This Society was established in 1 706, and is 

appeared from an investigation of their affairs which had 
been made by myself in ITSGj that the Society could not 
then aflbrd to pay their annuitants more than six guineas 
a year, llie number of their members at that time had 
sunk from 1300 to 201, while their claimants had in- 
creased to 564, and their capital which had once con«> 
sisted of j^96,000 stock in the three per cents, had been 
diminished more than one half.-^It has, however, been 
found from subsequent ex^rience tliat, low as those an* 
Duities were then reduced, the circumstances of the So- 
ciety required'that they should be reduced still lower. — 
In the year 17^6, in consequence of a fresh application 
from this Society, I was engaged a second time in the 
examination of their affairs. — At that period the annui- 
tants were 471, and the members who had not become 
^kiimants amounted only to 24 — ^The residue of their capi- 
tal had been changed from fhree per cents into j€ 1660 per 
mnum in the Short, and jiSCO per annum in the Long An- 
nuities, which, from the extreme depression of public credit 
were then hardly worth ife'17>000. — ^This depression, more 
than any other cause, liad produced such a deficiency in the 
accounts of the Society as to render it absolutely necessary 
to reduce the annuities from 6 guineas to £5. — ^But they 
have since been enabled by the improve^ state of the pul>f 
lie funds, and other favourable circumstances, to restore 
those annuities again to 6 guineas ; and it is probable dur- 
ing the remainder of their existence that they will esome 
the mortification of submitting to another reduction. M. 

the. 
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the only one I am acquainted with, which has 
stood any considerable trial from time and 
experience. It is limited by its charter to 
the disposal of shares or numbers (not to ex- 
ceed 2000) held by single lives, and entitling 
to claims when the lives drop. For each of 
these shares every purchaser pays at entrance 
<^7-**lO^. besides ^K.JU. as the first 
qtiarterly payment of £Q. . As. per ann. to be 
continued during life. An annual dividend 
of ^\..As. for each share is allowed to 
every purchaser out of the profits of the cor- 
poration, which reduces the annual payment 
for each share to ^Bs . The net annual in- 
come arising from all the annual payments 
(making ^1 0,000 when the Society is full, 
and all the shares are disposed of)> is equally 
divided among the nominees of such mem- 
bers as die within the year; which dividend, 
therefore, is more or less at the end of every 
year as a smaller or greater number of the 
members happen to die in that year. In 
1 757, the Society engaged that this dividend 
though it might be more, should not be less 
on each share than £i25, and in 1770% that 

it should not be less than £\50. ^No one 

person is allowed to purchase more than 

. ^ In \^S7j the Society had accumulated by its saviogi 
jf25,S00 tfaxte per cent, stodc, which in 1770, had been 
ipcraued to ^3,300; and a part of this stock was in 
these veais a|q>ropriated to the payment of daims^ when^* 
ever the number of them in any year should happen to be 
so ^STtaX as to render the annual contributions insufficient to 
Bldce them up to the guanntecd sums. 

three 
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three shares; nor are any admitted to be pur- 
chasers whose ages exceed 45, or fall short 
of 1 2 ; and all between these ages are ad- 
mitted on the same terms. 

This Society has, I doubt not, been very 
useful to the public ; and its plan is such, 
that it cannot fail to continue to be so. It 
might, however, certainly have been much 
more useful, had it gone from the first on a 
different plan. It is obvious, that regulating 
the dividends among the noviinces by the 
number of members who die ever}^ year, is 
not equitable ; because it makes the benefit 
which a member is to receive to depend, 
not on the value of his contribution, but on a 
continge7icj/ ; that is, the number of members 
that shall happen to die the same year with 
him. This regulation must also have been 
disadvantageous to the Society ; as will ap- 
pear from the following account of the natural 
progress of the affairs of such a Society, when 
established on a right plan. 

Suppose a thousand persons whose com- 
mon age is 36, to form themselves into a 
Society for the purpose of assuriiig a parti- 
cular sum at their deaths, to such persons as 
they shall name, in consideration of a parti- 
cular annual contribution to be continued 
during tlieir lives. Suppose the annual con- 
trijbution to be ^£5, and the first payment' 

' Such payments, it has hcen shewn, Question VIU. 
p. 29, are better than any Aa^-yearly or quarter^ p^- 
ineiits, and at tlic same time they save some trouble. 

to 
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to be made immedtately. Suppose, like- 
wise the original number of the Society to 
be constantly kept up by the admission of new 
members, at 3o years of age, in the room 
of such as die. — ^In Question X. p. 32, it 
appears, that an annual payment, beginning 
immediately, of j65 during a life now at the 
age of 36, should entitle, at the failure of 
such a life, to 3S172, reckoning interest at 
4 per cent, and taking Mr. De Mowres va- 
luation of lives.— A thousavd persons, all 
36 years of age, will die off at the rate of 
20 every year. The disbursements, there^ 
fore, of such a Society will be, the first year, . 
20 times dS'i 72, or ^3,440, and its income 
will be^50oo. It will, therefore, at theend 
of the year, have a surplus of £^l,56o to put 
to interest. — In consequence of the yearlyac- 
cessions to supply vacancies, the number dy- 
ing annually wall be dlways increasing after 
the first year. In 50 years* it will get to a 
maximum; and then the afiairs of the So- 
(dety will become stationary, and the num- 
ber dying annually will be 4o, and its an- ' 
nual expence will be d£6,8S0 exceeding the 
annual contribution, ^1,880, But, in the 
mean time, by improving its surplus monies, 
it will have raised a capital equal to this ex-> 

* This period will (by Questiao III.) be longer if the ; 
Society ic tny tiiMkvi fiUin;, and admits qiemben at ' 
jrounger a^ tb^SS. It will, for iottanee, be 84 Tcan, ' 
if ths Socittyit tco jun in filling, and admitl at all aget 
betiHea 12 «od A6. 

VOL. 2. M cess 
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cess^ an4 consequently, its affairs wUjl be 
fixfsd on a firm basis for all subsequent 
times. 

Suppose now that sucb a Society, at its 
establishment, should resolve to divide its 
wiiole yearly income among the nqmitiees of 
deceased members. The efrcct of this would 
be, that no capital could be raised ; that the 
dividends payable to nomtnee$ would diminish 
continually, till, at the time that the greatest 
number of meiobers came to die annuallif, 
(or at the end of 50 years), they would be re- 
duced to half; and that all claimants, afler 
this period, ^ould receive too little^ because 
the first claimants had received too much ^ 

^ The rqver^ of this will take place, if such a Society 
legiTis vcith admi^tiDg at all ages, and afterwards changes 
its plan, and limits the age of admission. In this ca^e, 
the number of yearly deaths wUl be greatesi at first, and 
thjB dividends smatiesL In consequence of akouff its 
plan, the ^roriy cf^^Mi will lessen gradually^ andthc»<V- 
dehds rise; but in time both would return again to their 
original state. 

The £DUowio{{ facts iudine me to suspect, that thb. 
remark may be JEipj^licable to die jimicalfle Corporaiion. 

First, lii their ori^al diai'ter, as it is given in tl^ 
printed abstracts, there is no limitadon of i^mentkmed; 
but 31 years afterwurisi I find a, by^hw na^ide against 
adniitting any person who should be. above the age oC 45^ 
or under 12.— -Secondly. In their printed advertisements 
in I77<^9 It is said, that in 69. years tiiey had paid, nuKiag 
3,843 chiimants, ^378,184, from whence it follows, diat 
thpugh the average of their dividendsi for> 17 yeaia be* 
fore 17^3, has b^^l^4i, tbe.avenigO;<bc 5£| years, baa 
been only «if 104. 

At. 
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At the time of the institution of the jipii-- 
cable Corporation, the interest of money was 
at 6 per cent, and, as tiiey admit none whose 
ages are not under 4Si, the mean age of ad- 
mission cannot be much greater than 36, |t 
appears, therefore, that had the/ aypi^^ 
the error now mentioned, and gone ^rozti the 
first on the plan I have described!, they jpaight 
have all along paid to each nominjee Ml 72^ 
besides raising a capital mudh greater. i^ 
proportion to the number of members^. ^1^ 
that I have specified, from the premiun^.at 
admission, forfeitures, and otlier advantages 
which they have enjoyed ". . Indeed, I ^an* 
not doubt but that on this plan, and with 
these advantages, they might have ^und 
themselves always able to pay at least i^200 
to each nominee \ 

I liave already mentioned one instancy in 
which the plan of this Society *is liot equit- 



" A surplus from a thousand members of only Jive 
shillings per annum j duly improved at 4 per cent, would, 
ill 41 years, produce a capital of j£^25000. 

* It should be remembered, that all this was said in 
the former editions, on the supposition that proper care 
has been taken to keep out unhc^thy persons; tliat the 
■ges of admission have ne\'er exceeded 45; and that the 
probabilities of life among the members of this Society, 
are the same with those in the 5th, 8th, and l/th Tables^ 
io the next volume. But I have lately found the truth 
to be, agreeably to the suspicion expressed io the last 
note but one, that for many years after the fiiat !&• 
fdtution of the Society, members were admitted at all 
ifts, 

%i 2 able, 
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able. Another instance of this is, their re- 
quiring the same payments frpm all per- 
sons under 45, without regarding the differ- 
ences of their ages; whereas, the annual 
payments of a person admitted at 45, ought 
to be double the annual payment of a person 
admitted at 1 2. 

Further. ITie plan of this Society is so 
narrow, as to confine its usellilness too much. 
It can be of no service to any person whose 
age exceeds 45 . It is, likewise, far from be- 
ing properly adapted to the circumstances of 
persons, who w^ant to make assurances on 
their lives, for only short terms of yearS. — 
Thus ; the" true A^lue of the assurance of 
.:j^l50 for 10 years, on the life of a person 
whose age is 30, is by Quest. XIV. (interest 
being at 3 per cent.) £2. AZ$: m annual 
payments (for 10 years), to begin at the 
end of the first year; and subject to failure 
when the life fails. But such an assurance 
could not be made, in this Society, without 
an annual payment of £5. — Neither is the 
plan of this Society at all adapted to the cir- 
cumstances of persons, who want to make 
assurances on particular sumvorships. — For 
examjile : A person possessed of an estate, 
or salarv% which must be lost with his life, 
has a person dependent upon him, for whom 
he desires to secure a sum of money, payable 
at his death. Bat he dcfires this only as 
a pn>vi5ion against the danger of his dying 
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first, and leaving a wife, or a parent, with- 
out support. In these circumstances, he 
enters himself into this Society ; and by an 
annual payment of dB^ entitles his nomvwe 
to^l 50. In a few years, perhaps, his vominee 
happens to die; and, having then lost the 
benefit he had in view, he determines to 
forfeit his former payments, and to with- 
draw from the Society. In this way pro- 
bably, this Society must have gained some 
advantages. But the right method would 
have been to have taken from such a person 
the true value of the sum assured, " on the 
" supposition of non-payment, provided he 
" should survive " In this way he would 
have chosen to contract with the Society; 
and had he done this, he would have paid 
for the assurance, (supposing interest at 3 per 
cent, his age 3o, the age of his vaminefe 30, 
and the probabilities of life as in the 5th^ 
8lh, and 17th Tables) ^3...8^. > in annual 
J payments to begin immediately, and to be^ 
continued during the joint continuance of his 
own life, and the life of his nominee. 

y The value of £\^0 payable at the death of a person, 
a{pd 30, provided he survives anotlier person of the same 
Bge^ is, by Question XI. Chap.' I. £49.65; and this 
value divided by 13.43 (the value increased by unity, of 
two joint lives both SO), givetf j£ZA, or i^...8^.-*The 
value of the same reversion, according to thd prdbabiiiticR 
of life in London^ u, ^4D.19> in me payment; and 
jf4.1G, in oRnua/ payments, during, the* Johclives^ the 
fin^ pajTQent to be made immediately. 

Further 
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L HE afiairs of this Corporation have lately 
taken a very favourable turn. The divi- 
dends, from the annual contributions of ^5 
for each number, which for eight years, 
ended in 1769, had not been ^l5o on each 
claim, have, for ^ht years ended at 1779» 
been nearly ^200*.— —The subsisting 
shares have increased from 1120, (their 
number in 1769) to 1990 (their full com- 
plement nearly) in 17 80; and in the same 
time the stock of the Society has been in- 
creased from ^33,300 to ^51,300 in tbe 
3 per cent, annuities; in consequence' of 
ivhich it finds itself now possest, after di^ 
charging all expences, of a clear surplus of 

about ^1,350 perann. ^In these circupi* 

stances a proposal has been made to th^ So* 
ciety to discontinue the increase of its stock, 
in order to make use of the surplus in in- 
creasing the dividends on claims. This be- 
ing an m^iting proposal, it is not surprising 
that the Society in etheral has shewn itself 

^ TUs ditidcnd for 1780, was jfl92...6s...l jdL ; bat 
Biide ^ to jf 198 in eooaequeiice of a iiscr ctiBMiT 
ptfwcr ffifcn tli0 OMcUnfi lb* Idbc wbttt raait flicT tUik 
rciBOoibk flfOB Ibc tivii^ to incicaK tii€ dividsiidb. 

deposed 
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disposed to accede to it. ^The imprudcnc<i 

however of such a step will be evident from- 

die following observations. It should b«* 

considered, that the reason of the late irt- 
cpease of the annual dividends, has been the 
late increase of the Society by the influx of 
young members. So great has bSeri' this' 
increase, that the Society has beAi neariy 
Ambled in twelve years, and tripled in the last 

30 years.. It could not, therefore, but' 

happen that the numter of deaths should be^ 
come much less in proportion to th* num-' 
bcr of members, than they were before the 
increase. The Society being-now foD, and; 
admitting of no farther increase, the col- 
lective age- of the members, and, together' 
witfc if; the annual deaths, will be fofr some' 
t^meincreasinfp till that part of the Society' 
which -consists of the late additions ' come' 
W die off tteice- as fast ins they *fid at first. 
During" 

* A«Rd(litttm ofnenr 400 to the 5u>nisting; numbers 
or shares «f'tha Society was made froni 1749'tt> 1768; 
•nd of ab«ive 900 more, from IJCfl to Ijyj. — Even that 
ptrt of the increase of the Society wlii<'h consists of 
memberi to wlibm the' first oTthne additions has been' 
vhogy is at present ftr fm/a dying- ofT so fast as it wHl. 
la truth, so or'fiOyi-ars at least must elai>se before thia 
can happen: See Question III. Chap. I. I aiAtoldit* 
has bMn<Mserted by some belong;ing to- the Socie^, that 
aparvm about '40 or '45 is not less likely todjetbitiii 
penon 20'ot 30 yean older, from whetiee, I suppMeit' 
lainferKd,: that me deaths now In the Sodcn tim ht'tA ' 
numeraoa as-' they will ever be. It would % doitaK liiv 
iojuiytodM-Sodetrttinippte! that it ontbrJaftKOMd 
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During this interval the dividendd will be 
growing less and le$s, till at last they will 
mil below the dividend which the Society 
has guaranteed (or ^150), and produce a 
necessity of entering into the capital in order 
to make it up. And the reduction of the 
capital once begun will proceed faster and 
fester till it is all spent ; and when spent, 
the Society will be thrown back into the 
state it was in before its increase, when 
frequently it could not afibrd a dividend of 
ig^ioo on each number, — Such will be the 
certain effect of adopting the measure I have 
mentioned. It is, therefore, imprudent in 
the highest degree ; and I will add, that the 
injustice of it is equal to its imprudence; for 
it is benefiting the older part of the prepnt 
members at the expence of the younger 
members, and all present members at the 
expence of future ,ones. For a few years 
the di\idends will probably, with the help 
of the addition of the annual profits^ exceed 
^200, which will be paid chiefly among 
the claimants derived from the older mem- 

by such assertions. Accordiog to M obsenratiom od 
huirian mortality, a body of men at 65 or 70 will dk cSl 
twice as &st as a body of men at 40 ; and' a body of men 
at 75 or 80 will die oS four ot Jive times aaftstasa 
body of men at 50. The human frame, after the age of 
12 or 15*, is continually wearing out and becoming leas 
capable of combating the causes of mortality ; but more 
or less slowly according to the degrees of firmncsa with 
w}uch it was built, and the favourableness or unfiivour- 
ableoess of the situations into which it happens to fi&U* 

bers. 
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bers. But after a course of year^ they will 
sink to little more than half; and at that 
period the Society will consist of the younger 
part of the present members, and such new 
members as shall be hereafter admitted to 
fill up vacancies, who will therefore be great 
losers, because their predecessors, by neg- 
lecting to improve . the estate, made them* 
selves too great gainers. 

In order to set this in a clearer light, I 
would desire it may be considered that ac- 
cording to the mean probabilities of the 
duration of life, a body of people at the age 
of 36, will, one with another, live 25 y^ars. 
It must, therefore, be expected that a twenty* 
fifth part will die annually of a Society which 
has subsisted any considerable time, and the 
members of which are admitted at this mean 
age. Supposing, therefore, 36 the mean 
age of admission in the Amicable Corporor 
tton, the time must come when (if kept^ 
up to its full complement) a 25 th part of 
tbc members wiH die annually, or when 80 
numbers (the 25th of 2000) will drop, and 
produce 80 claims annually. — ^The whole in- 
come of the Society (consisting of ^10,000 
per ann. from the charter contributions, and 
^1,350 per annum, profits), when divided 
equally among 80 claimants, will give £\A2 
for each claim. The dividend guaranteed in 

^ Should the Sodety decline, more than a 25th part 
will die annually, and the period when this will happen 
will arrive sooner. 

1770 
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1770 being dSiSo there will be a deficiency 
of ^8: ill each claim^ or of ^640 in thetotaJ 
ojf claims; whidi sum procured by selling; 
stock in one year will leave a necessity of 
selling more the next year^ and still more 
the following, and so on through every suc- 
cessive year, till the whole stock falls rapidly 
to nothing.— ~— It is proper to observe here,, 
that this deficiency of ss640 per aim. is a^ 
rnavimtifrir to which the deficiencies of many 
pit^eding. years had increased gradually; and 
tk^%, therefore^ the whole stock may be 
consumed, even before, the period arrives, 
when the greatest deficiencies^ will happen. 

AU this reasoning supposes that no more 
than a 2j5th part of the iinemhers of this Cor-^ 
poration will hereafter come /to die annually; 
o^ that they are admitted at the mean age 
of 36, and live after admission, one with an* 
other, 25 years.-~But these are probably too 
fayourable suppositions. Perhaps, the mean 
age at which members arc admitted (and* 
paitici^lajdy the purchasers of two or three 
njiipb^rs) may be above 40; and perhaps: 
also, on account of the difficulty there must 
be in excluding from such institutions aH bad 
liyes, the duration of the lives of themem* 
l^rs may; be somewhat less than is common 
a9U)ng persons at the same ages. Should 
tl>is be true, their duration of life after ad- 
mission will not exceed 22 years. A 22d 
part will hereafter die annually. The claims 
from 2000 numbers will be 91 ; and the di- 

2 vidend 
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vldend on each claim, with the addition of, 
the savings, will be only ^124... 12«.wbi(diij 
will produce a deficiency of X2, 311 ppr aun. 
If I may judge from what has hithe^o^ 
happened in tlie Society, even thes? last sMp*. 
positions favour it too much; tor, 1 find, 
that before the increase ' wlilch begun- i^. 
1750, q nineteenth part of the existing num* 
bers dropped annually, which made the di- 
vidends then fell frequently below, ^100. 
This, however, must have been ov^'iiig, tQ: 
the admission, for some years after the estar> 
blishment of the Society, of members at- 
too advanced ages, and the neglect of prtK 
per care to exclude bad lives. Muph un-. 
certainty in this instance would be reiooredi 

* This increase seems to have been owing .to the limi- 
tation of age in 17^7- In a few years after this, the 
p'catest part of the members who luid been admitted at 
advdnced ages having died 6R, and the Society consigting 
chiefly of younjrer metnbeis admitted in their room; the' 
dividends rote, which occasioned a quiclt inrretfje of 
young members, raided the dividends still higher, tHl, in 
17^7t (he Society thought itself capable of guaranteeing 
a dividend of ^125; and, in I77O, a dividend of jf 150.' 
These augmentations contributed yet more to increase the 
Society, and consequently the dividends. It became, 
thierefore, soon full, and now finds itself in the . pi'os- 
perous state described at the beginning of these Obser^ 
mions ; a state, which the Society may render really and ' 
permanently prosperous, if they are properly 'attentive to 
Its causes, and will avail themselves of the opportunity it 
gives them to rectify the faults in their original plan by 
increasing their guaranteed dividend in the manner 1 sball 
presently propose, ianead of discontinuing the incicue 
of tiuit etpitgl. 

and 
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ftttd the best guide obtained in conducting 
the affairs of the Society, by taking an exact 
McoMtit of the mean age at which, for the last 
ten or twelve years, all members (distinguish- 
fng particularly such as have tw^o or three 
litimDcrs dependent on their lives) have been 
admitted ; and also of the number of years 
which all iadhiitted, till within the last 30 
years, have lived after admission. 

Upon the whole. Till new light is given 
by such an enquiry as this, I must think 
that, however prosperous the ajflSiirs of the 
Society seem at present, it carniot prudently 
act on any other expectation than that a pe- 
riod will come when a 2lid or 23d ^ part , 
of its members will die annually, and when, 
therefore, it will want at least an additional 
income of ^2000 per ann. to enable it to. 

^ l£ Mr. Brandy the late clerk of this Society, is Hght, 
the members of it are uncommonly short-lived ; for, ac- 
CtffdiDg to an account which be has given of the dvratioii ' 
of tlie lives of 3,826 persons who have been admitted into 
it, and on whose deaths claims have been paid; they do 
fiot, one with another, live after admission 16 years. See 
Smor/'^ Tables republished by Mr. Brandy p. 189. See 
liicewise his Treatise on Assurances and Annuities^ p. 68. 

This, were it true, would be very threatening to the 
Society. But Mr. Brandy in other parts of the little that • 
is his own in tliese Treatises, has erred so palpably, and 
shewn' himself so wonderfully ignorant, that, however 
posseswsed in this instance of the means of information, he 
deserves no credit. — The truth is, in the present case, : 
that he has included in his account such members as have 
been admittrdand have died lutely^ and this must neces* ■. 
sarilv lead to a wrong conclusion concerning the duntion 
of the liv«*5 of the members taken at large. 

make 
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make good its engagements* A greater ad- 
ditional income might be acquired by con- 
tinuing to lay up all its savings after dividing 
the charter contributions — But were it to lay 
up the whole of its income above what may be 
necessary to di\dde sBiyo on every claim, 
it might advancie its guaranteed dividend 
from £\5o to this sum. And this^ in my 
opinion, is the most rational and equitable 
measure it can adopt. 

I know, indeed, that there is a clause in 
the charter which limits the increase of its 
estate to ^2ooo per ann. But this clause 
shews that the charter was framed with too 
Kttle foresight ; and it must be repealed, or 
the consequences will be that danger to the 
l^ociety and injustice to its future members 
which I have represented. 

The preceding Observations arc offered 
very respectfully to the consideration of this' 
Society. Should any of the members or di- 
rectors think them worth their attention, I 
hope they will reflect, that having no interest 
to serve, I can mean nothing by them but the 
preservation of the credit and usefulness of* 
tjie Society ^ 

SECT. 

< It does not appear that any attention has been paid to ' 
the admonitions and advice which were given m this 
Section. — When the Society stipulated in 177^ that the 
ckums should never be less on each share than jf^lSO, the 
number of sufascribers, as might naturally be expc^rted, 
increased very rapidly: B]f the accession of so many new ' 
members a sudaen addition was made to their annual 

inonne,, • 
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SECT. vn. 

Of the Society for Equitable Assurcnces on 

Lives and Survivorships. 

± HESociety which is to be thesubjectof this 
Section, has justly styled itself, " A Society 
*^for Equitable Assurances o?i Lives andSur- 
" vtvor ships r The business of it is car- 
ried on at its office, in Chatham-Pla^e, near 
Blackfriars Bridge. It was founded in 1762, 

in 

income, and, in consequence, the dividends on the dainis 
were increased so as to raise them during the first 10 or 
15 years from J^150 to £2QOy and in some vears even 
to ^300. But thb effect necessarilv ceased with the 
cause which produced it, and the dividends since the 
year 1787 have sometimes fallen so low as barely to ex- 
ceed the stipulated sum of j£\bO. — ^Nay, in the ye^r 1802 
they fell short of this supn, and the Society haa recourse 
to their capital, not merely to supply the deficiency, but 
even to add £S to each share over and above the sum 
which they had engaged to pay. In some years they 
have added ^15 ; nor do they seem in these additions to 
be guided by any one principle of reason or computation. 
It IS at best a very mistaken liberality, and if it were 
always to be repeated under similar circumstances, though 
)t might perhaps be intended to promote the credit, it 
v^ld inevitably terminate in the ruin of the Society. 

By increasing the number of their shares about 20 
years ago from 2000 to 4000, they produced in like 
mhiiiier as in the year 1 7/0, a temporary increase of the 
dividends : but the effect in this instance was more tran- 
sient owing, 1 believe, principally to the new membeis 
having for die most part consisted of persons between 40 
ud 50 vears of age.-— In the admission of these memben 
tHey raised the contributions upon every number above 
2W0 from if 5 to j^6.,As.per annum : thus, making the 
amount of tiie annual payments to depend, not on the age 
or the subscriber, but on his priority in the Society.-7-It 
is oiucb to be lamented that they should not have chosen 

to 
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ia consequence oi lectures recomitiendiRg 
«uch aA institution, which had been read by 

to adopt the improvements proposed in this work, rather 
than persevere in a course so injurious to their real interest, 
aod often ^Usgraeed by regulations so absurd and inequita- 
ble. About 15 years ftgo they manifested a disposition t^ 
reform their plan, and in consequence of the reconmien« 
Jatlon of the Directors they limited the age of admis- 
sion to 40 instead of 45 — they also placed all tlie 
Qtembers on the some footing iti regard to their antiiml 
payments — ^restrained for a time the amount of the divi- 
dends to ^150 — and, in order to encourage young persons 
to subscribe, they gave those Mrho entered under tlie age 
of Sl», the pimlege of having six, instead of the usmd 
number of three riieres, pn their respective lives : — They 
also agreed that j^34,300 of their stock, (amounting 
in the whole to if 64,300 in the three per cents, together 
with some properly in houses) should be presiirved as un- 
alienable withouft the consent of two successive gefienl 
courts, so that only i^0,000 of their stock should be appit>* 
priated in ^d of the annual contributions to make up future 
daiciencies in tbe. dividends. — Had these regulations been 
Mposed at an eariier period, it is pouible tmit they might 
have been effectual ; but 1 have ever/ resJBon to believe 
ftom-an invest^tion of the affairs of this Society at that 
time, Aat they were much too fi^ble and inefficient. — 
The refbrm of a plan odgibally very defective, and ren^ 
dered stiU mere su by .subsequent lftw» and alteratk>08, is 
indeed a work of considerable difficulty, and if the mem- 
bers satisfy themselves with such measures as they then 
adopted, it is certain that they are far from having accom* 
pliined sUcb a reform as will secure the Society from the 
consequences of their former errors. 

The Sdcie^ has lately obtuned an extension of their 
Charter, iSf iniich thejr are empowered to ttsBvttt persons of 
all a^ at- nearly the same premiums with these of the 
Kquitable Society. This has necessarily, by the aecession 
of tiew memben, increased their capital, and they have, 
il^coBaeqiieilee, determined ^t the dividends on the as- 
•umief9( •eoordidg' to their original pkn, ahall bemied' 

Mr. 
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Mr. Simpson, a name that can never be for- 
gotten while there is any mathematical or phi- 
losophical knowledge left in the world. Mr. 
Dodson also, the author of the Mathematical 
Hepodtoiy , was active in recommending the 
plan of this Society, and composed Tables for 
its use. — It assures any sums or reversionary 
annuities on any lives, for any number of 
years as well as for the whole continuance of 
the lives, at rates settled by particular calcu- 
lation; and in arty manner that may be best 
adapted to the views of the persons assured. 
That is, either by making the assured sums 
payable certainig at the failure of any given 
lives, or on condition of survivorship : and 
also either by taking the price of the as- 
surance in one present payment, or in annual 
payments during any single or joint lives, or 
any terms less than the whole continuance of 
the lives. — In short; the plan of this Society is 
so extensive and so important, that 1 cannot 
satisfy my own mind, without ofiering to the 
gentlemen concerned in the direction of it, 
llie following observations, hoping they will 
not think them impertinent 

First They should consider what distress 
would arise from the failure of such a scheme 
in any future time; and what dangers there 
are, .which ought to be carefully guarded 
against in order to secure success. I have 
already more than once observed, tb^t those 
persons will be most for flying to these esta- 
blishments, who have feeble constitutions, 
1 or 
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or are subject to distempers which they 
know render their lives particularly preca- 
rious ; and it is to be feared, that no dautiic»n 
will be sufficient to prevent all danger from 
hence. 

Again. In matters of chance, it is im- 
possible to say, that an unfavourable run of 
events will not come, which may hurt the 
best contrived scheme. The calculations 
only determine probabilities ; and, agreeably 
to these, it may be depended on, that events 
will happen on the whole. But at particular 
periods, and in particular instances, great 
deviations will often happen ; and these de- 
viations, at the commencement of a scheme, 
must prove either very, favourable, or very 
unfavourable. 

But further. The calculations suppose, 
that all the monies received' are piit out im- 
mediately to accumulate at compound in-' 
terest- They make no allowance for losses, 
or for any of the expences attending manage- 
ment On these accounts, the payments to 
a Society of this kind, ought to be more 
than the calculations will warrant, and the 
interest of money ought to be reckoned low. 
Mr. Dodsotif I find, has paid due attention 
to all this* by reckoning interest, in his cal- 
culations for this Society, at 3 per cent, and 
taking the lowest of all the knoWn proba- 
bilities of life, or those deduced from the 

VOL. i. ** N' JLondon 
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London bills of mortality ^ There is, be- 
sides, a liberty provided of making a call 
on all the members, in case of any particular 
emergency. It is, therefore, highly pro- 
bable, that this Society must be secure. The 
lust expedient, however, would be a very 
disagreeable one, should there be ever any 
occasion for having recourse to it ; and, in 
order to guard still more effectually against 
danger, it would not, I think, be amiss to 
charge a profit of 6 per cent, on all the pay- 
ments. Should the consequence of this 
prove, that in some future period the Society 
shall find itself possessed of too laige a capi- 
tal, the harm will be trifling, and future 
members will reap the advantage. But this 
leads mc to repeat an obser^-ation of particu- 
lar consequence. 

As this Society is guided, in every instance, 

' It ouglit, hovvevcr, to be Fctnembered here, that in 
belling litc-annuitics to commence either immediately, or 
after given terms; and also in some other cases, the 
values come out less in consequence of Icwer prubahilitfes 
Qt* life. Would it in suck instances be taking aji unfair 
aJv'autage, to estitnate the values by 'IVibles which give 
the highest rather than the lowest values? Thus; were the 
•Society to ^11 j£^20 per (tntwm for life, to a peison now 
30, after aO, the value, according to Dr. HaUey*s Table, 
would, reckoning interest at 3 ter cent, be £B0 in ft single 
payment ; but according to tlie London Tabl«| die vvdiie 
would be onlv ^"70. 

Bw\ in reality the \'aluc, even by Dr. Hallet/^s TUble, 
is less than the Society, iii such a case, ought to.take^ for 
the reason mentioned in page 157- 

by 
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by strict calculation, it is not to be expected 
that it can meet with any difficulties for 
many years; because hot till the end of 
many years after it has acquired its maximum 
of members, will the maximum of yearly 
claimants and annuitants come upon it. 
Should it, therefore, through inattention to 
this remark, and the encouragement arising 
from the possession of a large surplus, be led 
to check or stop the increase of its stock too 
soon, the consequences might prove perni- 
cious. 

Again. I would observe, that it is of 
great importance to the safety of such a So- 
ciety, that its af&irs should be under the 
inspection of able mathematicians. Melan- 
choly experience shews, that none but ma- 
thematicians are qualified for forming and 
conducting scliemes of this kind.— In short ; 
dangerous mistakes may sometimes be com- 
mitted, if the afikirs of such a Society are 
not managed frugally, carefully, and pru- 
dently. One instance of this I cannot avoid 
mentioning. 

A person, who desires to assure a particu- 
lar sum to be paid at the failure of his life, 
on condition of the survivorship of another 
iife, may chuse to pay the value in annual 
contributions during the continuance of }iis 
own ungle life rather than during the con- 
tinuance of the joint lives, because the an- 
imal contributions, in this case, ought to be 
much l«ss. £ut X Society that woiild piiic- 
1x2 tise 
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tise such a method of assurance would hurt 
itself; for as soon as the life, on whose sur- 
vivorship the assurance depends, is extinct, 
the person assured, if then living, would have 
no longer any benefit in view ; and, there- 
fore, would make his payments with reluc- 
tance, and in time, perhaps, entirely with- 
draw them ; the consequence of which would 
be, that the Society would sutFer a loss by 
being deprived of the just value of the ex- 
pectation it had granted. The plan of a 
Society ought always to be such, as that the 
losses arising from discontinuance of pay- 
ment, should fall on tlie purchaser, and 
never on the Society, 

I must not forget to add, that it is neces- 
sary that such a Society should be furnished 
with as complete a set of Tables as possible. 
This will render the business of the Society 
much more easy, and also much more capa- 
ble of being conducted by persons unskilled 
in matliematics. It will also contribute much 
to its safety. For in all cases to which Ta- 
bles can be extended, there would be no 
occasion for emploving any calculators ; and, 
consequently, a danger would be prevented 
to which, though it is not noiv, it may //ere- 
after be exposed; 1 mean, the danger of 
happening to trust unskilful or careless cal- 
culators. — It is indeed furnished with Tables, 
by which a great part of its business is trans- 
acted ; but tlicre are some important Tables 
which it wantSj. and with which it should 

be 
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be supplied ; and these when composed, to- 
gether with all its other Tables, should be 
subject to the revisal and examination of the 
best judges, and afterwards published ; with 
a minute account of the principles assumed 
and the method taken in composing them. 
Such a publication would be a valuable ad- 
dition to this part of science ; and it would 
also be the means of increasing and esta- 
blishing the credit of the Society. 

In Questions -ith, 6^1, loth, lith, 14th, 
loth, and l6th, I have, with a particular 
view to this Society, |pven rules by which 
may be formed e^'eiy Table it can want, for 
shewing the values of assurances on the 
whole duration, or any ternts, of any one or 
two lives ; and nothing but care and atten- 
tion can be nccessarj' to enable any good 
arithmetician to calculate from them. 

Further Account of the Equitable Society, 
with an Account of an Institution for the 
Sale of Life-Annuities at Hamburgh. 

JL HAVE just referred to the questions in 
the first Ciiapter of this Treatise, for the 
rules by which the values of assurances on 
any owe life, or any two lives," may be com,- 
puted. Since tlie last publication of this 
.Treatise, investigations of this kind have 
been carried much farther, and this subject, 
as far as it respects assumnccs on any num- 
"ber of lives not exceeding three, lias been 
.nearly exhausted by Mr, Morgan, the actu- 
ary 
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ary of this Society, in the Treatise referred 
to at the end of the First Chapter. — In this 
work, Mr, Morgan has given a distinct ac- 
count of the state of this Society as he had 
made it out to January 1777; and to that 
account, and to the Obser^'ation3 addressed 
to the Society in the Introduction to Mr. 
Morgans Trea'tise, I must refer for the fullest 
information that can be given of the plan 
and progressive increase of the Socitty, and 
of the methods employed to keep in constant 
view th,e state of its accounts. I shall here 
only add, th^jt its increase has been going on 
ever since v^^ith rapidity; that, in tl^e last 
five years (or since 1776), its annual income 
has .been nearly doubled, and its capital (con- 
sisting now in part of land securities) more 
than Iripled; that the rate of mortality amoni 
the persons assured has continued mud 
below that in the Tables by which it has 
hitherto made its calculations;^ and that, 

upon 



s Until the time nearly in which this account 
written t}ie Society had computed all their preinham 
from the f^ondon Table of Obser^'ations, and it appeared 
from the experience of twelve ^tars, (or frpm 17^8 to 
1780) thgt the decrements pf life among theijr members 
had been 

To tkoie To tioic 

in in 

^fMirflMt. MruLm, 

from theage of iota 20 in the ratio of 1 tol^ 1 to 1 

20toS0 3 to 7 ...... 2 to 3 

80to40 4to9 •.1...2to3 

40to50 Sto5 8lo9 

50to60 .« 2 to 3 6 to 7 

60 to 70 9to 10 fl to 8 
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upon the wbolcj it appears at present to 
possess such a surplus of income and i^tock 
as places it (if no mistnanagement takes 
place) above danger, except from events the 
most extraordinary. 

In these circumstances, the Societj, not 
willing to raise an exorbitant capital, or to 
take unreasonable profits, came to a resolu- 
tion at the beginning of the last yeat, or 1 781 , 
to make such abatements in its demands a^ 
its present circumstances render safe, and to 
settle such new arrangements in its business 
as may contribute to make it as great a 
benefit %s possible to the public. 

In the preceding Section, but more parti- 
cularly in the Introduction to Mr. MorgUfts 
Treatise, I have expressed jfty yrishes that 
the Society would order new Tables to be 
calculated from Observations more adapted 

In consequence they determined to compute the pre- 
miums in future from a table which should give the pro- 
babUitiet of life ki^^er than that which they nad hitherto 
used ;^ and for this purpose tiicy adopted one which ka^ 
been just formed by Dr. Price from very accurate obser? 
▼ations made in the town of Northampton. Compared 
with the decrements of life in that table firom the ytir 
1768 to the year 1810, the decrements of life in die Society 
q^pcar to have been from the age of 

10 to 20 in the ratb of 1 to 2 

20 to 30 1 to2 

so to 40 a to 5 

40 to 50 8 too 

50 to GO 5 to 7 

60 to 80 .....4 to 5 or at all ages 

together in the- ratio of two to three. M. 

-•■"..■ . 

to 
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to the general state of mortality among man- 
kind than those given by the London bills of 

mortality. 1 can now inform the public, 

that sucn an order has been given and lately 
carried intp execution. ^"fhese new Ta^ 

bles ^re. 

First. A Table exhibiting the values of 
single lives for their whole duration. 

oecondly, * A Table of the values of single 
lives for ajiy terms of years not exceeding 
ten. 

Thirdly. A Table of the values in sin- 
gle and annual payments, of assurances on 
singly lives for terms, and for their whole 
duration. 

Fourthly. A Table of the values of two 
joint lives for all ages. 

Fifthly. A Table of the values, in sin- 
gle • and ' annual payments, of assurances of 
gross sums, and life annuities payable on the 

suryivqrship of one life beyond another. 

The most material parts of these Tables will 
be found among the other Tables in the next 
volume. They have been calculated by Mr. 
Morgan with iqcredible care and industry ;' 
and are correct and complete to a degree 
never before attempted in any Tables of this 
kind. They are to form the basis of the fu- 
ture business of the Society, and must corv- 
duce much to its growing credit and useful- 
ness. 

The second, third, and fifth Tables> hav^ 
been calculated by the rules in Chap, 1st of 

this 
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this Treatise, Question 6th, 1 oth, 1 1 th, and 
1 4th. And the other Tables, or the 1 st and 4th 
just mentioned, in the method described by 
Mr. Morgan in the 2d Section of the second 
Chapter of his Treatise on the Doctrine of 
Annuities and Assurances; a method which, 
at the same time that it lessens the labour of 
these calculations, pre\^ents the possibility of 
tailing into any mistakes'*. 

They are all founded on a Table of the 
-probabilities of the duration of human life at 
Northamptorij which will be inserted among 
the other Tables in the second volume of this 
•work. This Table made a part of all the 
former editions of tliis work; but it is, ia 
the present edition much improved, and 
gives, I believe, more correctly than any 
other, the mean probabilities of the duration 
of human life; and, therefore, as I shall ob- 
serve again hereafter, seems to be more {)ro- 
per than any other for general use. 

I had, in the Introduction to Mr. Morgans 
Treatise, recommended to the Society the 
observations on human mortality at Chester; 
and I had procured a copy of thefn from Dr. 
Haygarth, the ingenious founder of them. 
But the directors of the Society have judged 
very rightly, that they carry the. probabilities 

^ Specimens of the shortest and easiest method of making 
these calculations by Logarithms^ and}(;rouuded ou Mr. 
Morgan's method here nieutioned, will be given in a Post- 
script tp the 4th Chapter. 

of 
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of life too high for their business. — ^These 
Obser\'ations^ howe\'erj are not on this ac- 
count less important I have been enabled 
by them to make the Northampton Table of 
Observations more complete ; and Tables of 
the decrements and expectations of lives, 
deduced from them^ for both sexes, will be 
given in the next volume. 

The interest of money in calculating the 
new Tables of the Society has been reckon- 
ed, as it was in the old Tables, at 3 per cent. 
This gives the Society (more especially at 
present when money may be improved at 
near double this interest) a very great ad- 
vantage. It likewise possesses the tv^ fol- 
lowing advantages. 

First. Tlie interest of a large and fast in- 
creasing capital, the greatest part of which 
is a SURPLUS over and above all that is ne- 
cessary to enable it to make good its engage- 
ments. 

Secondly. The profits arising from higher 
probabilities of living among the members of 
the Society than are exhibited, even in the 
new Table of Observations, by which its 
deiimnds are for the future to be governed. 
^J'his Table differs but little from the Breslaw 
.or Dr. Halletfs Table of Observations, wbicb^ 
as may be seen in the Note, p. 1 82, gives 
probabilities of living near a third lower than 
those which have hitherto taken place in the 
Society. 

I believe 
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I believe the Society might now safely 
tnist itself to the security arising from these 
pdvantiges, and take the payments for assur- 
ances in strict conformity to its new Tables, 
without any chat^e upon them; and the 
consequence of this would be, that these 
payments, which four years ago were reduced 
a tenth, will be further reduced about two 
tenths, or in the whole about SO per cent'. 

But as it has been the custom of the So- 
ciety (in co»formity to the recommendation 
in p. 178) to make an addition 0(6 per cent, 
to all the payments required by the old Tiv^ 
bles, it may, I think, bie excused, if, for the 
$ake of greater safety and to pronde bettiy 
for the expences of management, it «hould 
make an addition of 3 or 4 per cent, to the 
payments required by the new Tables. 

There still remain a few Tables, which 
perhaps some time or other the Socie^ may 
think proper to furnish itself with. ■ ■■ I 
will mention the two following. 

First. A Table of the same kmd with that 
mentioned in p. 135, shewing the values of 
sums payable at a given age, and of annuities 
payable till a given age, to a child, should he 
lose his parent. 

jSecgndly. A Tabic containing the values 

> It aliould be remembered, t^ the reduction here 
mentioned, does not extend to the single paymenti for 
•sMirtnws oF life-anniaties jmjthle on ikrvamkipt the 
Jjmdtm Table erf Obtnntioai giriog tboe abllMt M low 
4* ttw Korlfuoiptda 'fU>lc. 

of 
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of assurances of annuities for the remainder 
of life after given terms. 

This would inform the public what ad- 
vantages could be reasonably offered to per- 
sons who wish to be purchasers of such an- 
nuities ; and the avidity with which the de- 
ceptions in this way have been encouraged 
renders such an information particularly 

proper. The public, indeed, has been led 

by these deceptions to entertain such wrong 
ideas of the terms on which these annuities 
may be sold, that probably no terms whicli 
the Society can afford will appear sufficiently 
encouraging. There are, however, annui- 
ties of this kind which, at the same time that 
they have the most useful tendcnc}- , might 

possibly invite purchasers. Suppose, in 

particular, an annuity of ^^l to commence at 
56, and to increase at the rate of £\ every 
year afterwards, (so as to become £\5 at 
70, ^25 at 80, and ^35 at 90) was offered 
for a given sum payable at the age of 30, with 
proper abatements for every year that the 
purchase was made before this age. — ^Would 
not such a proposal be likely to engage at- 
tention ? And might it not be extremely 
useful, by holding forth an incitement to in- 
dustry in the beginning of life, and providing 
a way of laying out small savings to the best 
advantage? According to a high valua- 
tion the sum in this case would be about 
twenty guineas; and the proper abatement 

aboixt 
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about twenty-five shillings for every year 
that a purchaser's age, it' not less that 2o, 
tails short of 30. 

I must not conclude these Observations 
on annuity schemes without taking particu- 
lar notice of an excellent example in this 
way, which is given by a general annuity in- 
stitution lately established at Hamburgh: and 
to which I have referred at the end of the 
fourth Section, p. 137. 

Having received, through Mr. Ocder at 
Oldenhurghy an account of this institution, 
and finding that the conductors of it wish to 
extend its advantages beyond the limits of 
Hamhargh; 1 embrace with pleasure this 
opportunity of recommending it, and re- 
citing the following particulars tn its plan. 

Persons of all ages who may desire to in- 
crease their incomes by purchasing annuities 
for their own single lives^ or for the longest 
of any two lives, may in this institution 

purchase such annuities. A person at 50 

may receive during his life TrPer cent, for 
any sum ; at Co, he may receive I O-rV per 
cent.; and /O, 1 5 ^e/- ctw/.— Persons who 
depend for a subsistence on the permanency 
of tlieir capacities for service or labour, 
may with suclr savings as they may he able 
to make in tiieir years of vigour, purchase 
for themselves a competence for old age. A 
person at 40 may with d£llou purchase ^13 
per ann. for his life after 5a; or, for a pay- 
meat of 1 7«. . ,Gd. every half year till he is Oo, 

he 
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he may purchase for his life after that age 

^6... 1 2^. per ann. ^Yoiing persons wliose 

foj'tunes do not produce a sufficient income 
may, by sinking a part of them, procure the 
means of a future settlement in life. A boy, 
for instance, aged lo, may with ^loo pur- 
chase an annuity of £8% dependent on his 
life till he is 25 years of age, when it may 
be supposed he will be provided with other 
means of supporting himself. 

Persons who have friends or relations de- 
pendent upon them may purchase for them, 
cither by a single present payment, or by half- 
yearly payments, any annuities to commence 
at the time of their sur\'ivorship, should 
that happen, and to be continued during the 
remainder of their lives. In the case of wi- 
dows an abatement is m^de, if the purchaser 
chuses that the annuity should be paid only 
during widowhood. 

Barents wishing to provide portions for 
their children, or sums for putting them 
but to apprenticeships when grown up to 
a certain age, may purchase (by either half- 
yearly contributions or single payments), such 
portions or sums to be paid them at that agC) 
should they live to it. 

The plan of this institution includes in 
it several other particulars ; but I yf\\\ only 
add, that the money received by the con- 
ductors of it is lodged in the chamber of 
Hamburgh ; that the prices or contributions 
arc distinctly specified for every age in a act 
2 ' of 
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of Tables which have been published at Ham^ 
burgh ; and that these Tables have been cal- 
culated at an interest of 3 per cent, from 
some of the best registers of mortaUty, and 
(as far as I have examined them) with skill 
and correctness ^. 

CHAP. 

' The Equitable Societr, since these obsenrfttions were 
written in the year IJBS, has increased so immenaely both 
in the number and maffnitude of its assurances, as to be- 
come an institution of the first importance. In the year 
1786, after a minute computation of the value of each 
separate assurance, the addition of 1| per cent, which Iiad 
been made 10 the claims in 1782 for every annual pay- 
tnent prior to that year, was increased to 2\ per cent. In 
the years 1791, 17^3, and 179^j still farther additions 
were made, amounting together to 4 per cent ; so tliat the 
claims on all assurances of an earlier date than 177"^ ^cre 
more than doubled, and even those of so late a date as 
1 783 were increased nearly one half. But although the 
Society never hazarded an addition without a thorough con- 
viction of its safety founded on a comparison of the claims 
with the premiums and on tlie decrements of life among its 
nrembers in each year, it wisely determined to proceed no 
fiirther with these additions till the same im^estigation of 
its afEiirs had taken place, which had been first instituted 
in 1776> &nd repeated in 178G. — ^Accordingly, in the vear 
1800 this work (which from tlie increased number of as- 
surances had become a most arduous and toilsome under- 
taking) was accomplised, and tlic result proved so highly 
^vourable that another addition of jf2 per cent, was made 
to the claims, so that at that time the assurances of 17^0 
were increased jf36 percent.; those of XJSO Jpl05 per 
tent, tliose of 1770 if 190 per cent, and those of 1762 
j^58 per cent, making in the whole a sum which in pre^ 
sent value fell very Uttle short of half a million! — In 
1809 the same investigation was repeated, which, from the 
immense increase in the number of its assurances, was at- 
tended with infinitel? more labour and difficulty. He re- 
sult, however, like thai of all former investigations, proved 
that the success and opulence of the Society increased In 
proportion to the mapiitudc of its concerns, and an addi- 
tion 
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CHAPTER III. 

Of the Method of calculating the Values of 
Reversions depending on Survivorships. 

JriJjL Questions n lating to the values of 
lives and reversions, are at present of par- 
ticular importance in this kingdom. Much 
business is continually transacted in this 
way; and any considerable errors in the 

methods 

tion of 2\ per cent, was in consequence made to the claims, 
so that at present the assurances made In 1800 are increased 
^27 per Wilt. J those in l7l)0 jC^G per ccnLy tlujse in 1 780 
£\2i) per cenf.y those in I77O jt^'2\)0 per cent,, and those 
in 1707 ^323 per cent, ; and a sum equivalent in present 
money to one mlUkn is thus distributed among the mem- 
bers in addition to tlic sums which have been distributed on 
former occasions. It is unnecessary to expatiate on this sub- 
ject, in order to shew the ^reat benefit which this Society 
has proved to the public- —Proceeding always as it lias hi- 
therto done on the ture ground of computation, it never can 
incur any muterial danger — The many thousands of which 
it is now cumpo^^cd render the decrements of life almost uni- 
form among its members, and from the expi'rienee of more 
than forty years tbose decrements are found to bo even oiw 
third, (a) lower tban thty arc in the Table from which the 
premiums are eoiDputed. Provided therefore the same care 
IS used ill exi-ludiiig bad lives, every addition to the business 
of the Society must l)e an addition to its profits. — ^Tlie in- 
creased nuuiber of members, by preventing it from being 
affected by any particular season of mortality, will also ren- 
der those profits moa* imiform and secure ; so that the stabi- 
lity of the Society will be strengthened in proportion as Its 
usefulness is expended. 

The only danger to which it is exposed arises from the 
greatness of its capital. If due regard be not paid to the 
immense demands which mu«it hereafter come upon it.— 
If on the contrary this capital be considered only as an 

accu« 
(a) See notf p. 1 83. 
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metliods of solving such questions, must in 
tune produce very bad consequences. — ^The 
design of the following observati9ns is to 
point out a particular error, into which there 
is danger of falling, in finding the values of 
such reversions as depend on survivorships* 
In doing this> I shall, in order to. be aa pl^ 
as possiole, take the following C4se. ^^ j^j 
^' aged 40, expects to come to the possession 
'^ of an estate, should he survive B, aged 
'' likewise 40. In these circumstances he 
" offers, in oider to raise a present sum, to 
*^ give security for ^40 per annwn, out of 
'' the estate at his death, provided he should 
'^ get into possession ; that is^ provided he 

accumuTation of profit, and the meinber? on this suppo* 
Bition should be tempted to make too frequent additions 
to the claims, the consequence, though distant, must uU 
timatdy be fatal. Hitherto mat prudence and dbcre^ 
tion have been manifested in the^ management of this Sp^ 
ciety. No measure has been adiopted which bad the least 
tendency to diminish the ca{ntal without a previous in- 
vestigation ; and in order to secure the same prudence and 
discretion in the future conduct of its members^ the So* 
ciety has provided by certain laws, ^' that no allowance 
* to claimants shall ever be made without a previous in^^ 
^ vestigation of its aflairs and tlie concurrence offour-^ 
**J^^ of its members at three successive General 
'* Courts, and also that sueh allowance shall in no in- 
'^ tfeance exceed ttvo^thirds of the clear surplus stock of 
^ tlie Society/' By these restrictions, as for as human 
|iracaution can operate, the danger of intemperate mear 
sures b avoided; and there is every reason to hope that 
an' institution, founded on such liberal principles and de-« 
fended by such wholesome provisions, will not only be se* 
cutty but continue to improve iu credit and prosperity. 

vol.. !• O •• should 
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** should survive B. What is the sum that 
^' ought now to be advanced to him, in con- 
'^ sideration of such security, reckoning com- 
^* pound interest at 4 per cent F" 

Mr. De Motvre*s directions in his Trea- 
tise on Annuities, Problems 1 7th and 20th, 
lead us to seek the required sum in this case, 
by the following process. 

Jind first, the present sum A should re- 
ceive, for the reversion of d£40 per ofinum 
for ever after his death ; supposing it not de- 
pendent on his surviving B. The present va- 
lue of such a reversion is *• the * value of the 
" life subtracted from the perpetuity, and 
" the remainder multiplied by the annual 
" rent." — The value of the life is, by Mr. 
De Moivres Hypothesis, 13.1q6. This 
subtracted from 25, tlie perpetuity ^ leaves 
11.804; Which, multiplied by 40, gives 
^472. 1 6 ; the value of the supposed estate, 
after the life of A.- But, as Mr. De Moivre 
observes, the lender having a chance to lose 
his money, a compensation ought to be made 
to him for the risk he runs, which is founded 
on the possibility, that a man of 40 years of 
age may not survive another person of the 
same age. This chance is an equal chance; 
and, therefore, half the preceding sum, or 
^236.08, is the money which should be ad^ 
vanced now on the expectation mentioned 

' By Scholium^ p. 3^ and Problem 26tb, p. 29S of Mr* 
Simpson's Select JLxercises. 
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This solution carries a plausible appear-' 
ance; and most persons will, probably, be 
ready to pronounce it right; nor will this 
be at all wonderful, as so great a master of 
these subjects as Mr. De Aloivres appears to 
have been misled by it. — Nothing more is 
necessary to prove it to be fallacious, than 
proceeding in the same way to solve the fol- 
lowing similar Question. . 

" A, aged 4o, offers to give security for 
*^ .g£40 per annum, to be entered upon at his 
" death, provided it should happen before the 
" death of B, aged likewise 4o. What sum 
'* should now be advanced to him for such a 
''reversion, interest being reckoned at 4 
'' per centf' 

In solving this problem, agreeably to the 
method just described, we are to find the va- 
lue of ^40 per anjium, to be entered upon 
certainly at the death of A; and then to mul- 
tiply this ^^lue by the chance that A shall 
not survive B, or by 4- ; and in this way the 
answer comes out the same with that already 
pven. 

Now it may be easily seen, that this must 
be wrong, llie value of a reversion, to be 
received when a person of a given age dies^ 
cannot be the same, whether the condition 
of obtaining it is, that he shall die before, of 
that he shall die after another person. That 
is^ whether it is provided, that a purchaser, 
if he succeeds, shall get into possession 
sooner or later. The reversion in the Ijttter 

o 2 case 
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case must, without doubt, be of less value 
than in thfe former. 

The first question Iiere proposed, resolres 
itself into the following general Question. 

" What is the present value of a given re- 
" versionary estate, to be entered upon after 
*' the failure of two lives, provided one in 
" particular of them should be the longest 
'^ lifer 

Now, the present value of an estate to be 
enjoyed for ever, after the failure of the longest 
of two lives, is " the value of the longest 
^ of the two lives, subtracted from the per- 
^' petuity ; and the remainder multiplied by 
" the annual rent of the estate.*' — ^The value 
oiihe longest of two lives is, as is well known, 
the value of the two joint lives, subtracted 
from the sum of the " values of the two 
single lives. In the present case, therefore, 
it IS 9.82, (the value of two joint lives 
at the age of 40 by Table VIL in the next 
volume) subtracted from twice 1 3 . 1 96 ; (the 
value of 9 single life at the same age) that is, 
16.57 years' purchase. And this subtracted 
from 25, (the perpetuity ) rives 8.43; which, 
multiplied by 40, gives ^337.2, the value 
of the given estate were it certainly to be 
enjoyed, after the extinction of the longest 
pf two lives both 40; that is, whether one 

• * See Mr. De Afoivrt on Aiui«itv»» Probkvi IV. or 
Mr. SinpsQnsDgc^riae of jimmities and Reversions, Pco* 

or 
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or otJier of them failed last. But that A's 
life in particular should fall last, is an even 
chance. The true value of the reversion, 
therefore, is half the last value, or ^168.6. 

In like manner. The second Question is 
the same with the Question, *' What is the 
'^ present value of ^40 per ann. for ever to 
^^ be entered upon after the extinction of two 
'^ joint ]xves both40; that is, whenever dther 
^' of them shall fail; provided the first that 
*^ fails should happen to be A*s life in par- 
^* ticular T — And the answer is found by 
subtracting the present value of the two Joint 
lives from the perpetuiii/y and multiplying the 
remainder by r> that is, by the chance that A 
in particular shall die first : And this will 
give the required value, ^303.6"; 

In short. It appears in both these cases, 
that, according to the first method of solu- 
tion, we are to subtract from the perpetuity 
the value of one of the single lives, when, in 
the former case, the value of the longest of the 
two lives, and, in the latter case, the value 
of Xhtw Joint continuance, ought, in reality, to 
be subtracted. I need not say what prodi- 
;ious errors may often arise from hence ; and 
LOW unfit such a method of solution is for 
practice. 

Mr. Simpson, in p. 322, of his Select Ex- 
ercises, speaks on this subject in the foUow- 

^ I have, though scarcely necessary, given a diemon- 
ttrarion of the JB^utioxu 10 Note M. al the end of this 
vuitttie. 

ing 
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ing manner. — *^ I have been very particular 
' on these kinds of Problems ; and the more 
' so, as there has been no method before 
^ published, that I know of, by which they 
^ can be rightly determined. Tis true, the 
' manner of proceeding, by first finding the 
' probability of Survivorship (which me- 
' thod is used in ' my former work, and 
' which a celebrated author has largely in- 
' sisted on in three successive editions), may 
' be applied to good advantage, when the 
' given ages are nearly equal ; but then it is 
' certain, that this is not a genuine way of 
' going to work, and that the conclusions 
* hence derived are at best but near apptoxi- 
' mations.** 

This excellent mathematician lias here 
expressed himself much too favourably of the 
method of solution on w hich I have remark- 
ed. — In both the cases I have specified, the 
ages are equal ; and yet, in one of them the 
error is a good deal above a third of the true 
value,^ and in the other a ffth : And, it is 
obvious, that in cases where three equal lives 
are taken, the errors will be much greater.. 
— ^Mr. Simpsons Observations in this passage 
are true only, when applied to a different me- 
thod used by himself, in the 28th and fol- 
lowing Problems of his Treatise on the Doc- 
trine of Annuities and Reversions. Tliis me- 
thod is exact when the lives are equal ; but 
it gives results whkh are tQo far from the 

truth, 
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truth, when there is any considerable inequa- 
lity between the lives. 

It is with reluctance I have made some of 
these remarks. Mr. De Moivre has m^de 
very important improvements in this branch 
of science ; and the highest respect is due to 
his name and authority. This, however, 
only renders these remarks more necessary. 

In the first Chapter (Question llth, ijth, 
15 th, and l6th **.) I have given a minute ac- 
coimt of the method of finding, in all cases, 
the values of the reversions which have been 
the subject of this Essay. — ^But Mr. Morgan, 
in his Treatise on Life Assurances, has c^r^ 
ried this enquiry much farther, 

* In solving Questions llth and 12th, here referred to, 
I have made use of Mr. Simpson's rules in his Select Ex- 
ercises, p. 297 a»d p. 298. Mr. Morgmiy in his Treatise 
on Life Assurances, adopted the method pi solution {rom 
which Mr. Simpson deduced these rules ; but he has lately 
discovered that it is an approximation which in some cases 
gives results that are much too distant from the truth. See 
more on this subject at the end of this volume, where rules 
(JHTcstigated by Mr. Morgan) may be found whif b give in 
all cases the correct values of sums payable on any survivor^ 
thins l^etween any two or three lives. 
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Account of the Falua of the Renewal of 
Leases, and of the Method of computing^ 
them* 

TABLE, 

Shewing tKe Fines due on the Renewal of a 
Lease ,of 2 1 Tears after 5, 7, 9, or U 
* . Tears have elapsed. 



Jpired. 



i6 

14 
12 
10 



At 4 per cent. 



Values of the Renewal. 

At 6 per cent. At 8 per cent. : At 1 pei cent 

mmmmmmmtm^^mmi^K^m^mm mfmmmmi^im^^mmtm^ ^mmmmma^^m^i^i^^^^ 



{Years 
pur- 
chase 

3i 



4* 



Years 




r Years f Years 
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1' 



1 5 

2i- 



The Value in every case of this kind is 
the difference between the value (in Table 
li. Vol. 11.) of the whole term, and the value 
-(in the aame Table) of the unexpired part of 
the term. 

If leases are held by lives, the value of 
their renewal is the difference between the 
value of all the lives (including the life or 
lives to be added) and the value of the ex* 
isting life or lives. For example. 



The value ot the renewal of a lease held 
by two lives after one has dropped is (sup- 
posing the existing life aged 50, and the life 
tp be added aged 2o) the difference betweca 

)6.033 
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J 6.033 (the value by Table XIX. of the sin- 
gle Kfc of 20) and 9.630 the value by Table 
X. of the joint lives 20 and 5o K lliat is, 
7.403, or 7* of a years purchase nearly, 

reckoning interest at 4 per cent. ^Again, 

the value of the renewal of a lease held by 
three lives, after one is dropped, is (sup- 
posing the two existing lives aged 50 and 
55, and the life to be added aged 20) the 
difference between the value of the longest of 
the three lives and the value of the longest of 
two lives aged So and 55. The former of 
these values by Tables XIX. and XX. is 
18.178^, the latter by the same Tables is 
13.872'; their difference is 4.30(), ov 4-^^ 
years purchase ; which, therefore, is the fine 
due for such a renewal, reckoning interest at 
4 per cent. 

N. B. If the values of such renewals are 
wanted at any rates of interest higher or 
lower than tliose for which the values of 
single and joint lives are given in the Ta- 
bles in the 2d volume, they must be deduced 
from the values in those Tables by the Rules 
given in the next Chapter. 

It would be an endless labour to compute 
tables shewing the value of such renewals in 
all cases; and these directions render it an 
Unnecessary labour. 

' See page 2. 

^ By rrob. X. iu Simpsonfs Select Exercises^ or by the 
Rule at the end of Table XXVI. Vol. II. 
' See the note in page 4S of tliis volume. 

3 Some- 
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Sometimes a right may be purchased to 

put in, on the first vacancy among the Uves 

by which an estate is held, such a new life 

as the purchaser shall chuse. — In order 

to find the present value of such a right, it 

is necessary to assume some given value for 

the life to be nominated, and this assumed 

value multiplied by the difierence between 

the value of the existing life, if there is but 

one (or the value of the joint continuance 

of the existing lives, if there are two or 

more) and the perpetuity ; and the product^ 

divided by the perpetuity, will give the an* 

swer. 

EXAMPLE. 

Let there be but one existing life, and 
let it be a male life, its age 50, and conse* 
quently its value (by Table XIX.) 10.269, 

leckoning interest at 5 per cent. ^Let the 

life to succeed it be reckoned a life of the 
greatest possible v^lue, that is, a life aged 8, 
and consequently worth (by the same Table) 
15.236 years purchase at 5 percent. — ^The 
difierence between 20 (the perpetuity) and 
10.269 multiplied by 15.226 is 148.l64; 
which product, divided by 20, gives 7.408, 
the answer. 

If there are two existing lives, both 50, the 
value of their joint continuance will be (by 
Table XX.) 7*522; the difierence between 
which value and the perpetuity is 12.478, 
which multiplied by 1 5.226, and the pro- 
duct divided by the perpetuity, gives 9-5 the 

answer 
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answer in this case, or the number of years 
purchase which ought to be paid for a right 
of renewing a lease now held by two lives 
both aged 50, by putting in the best life in 
the room of the first of the two lives that 
shall happen to drop. 

The rule for finding the value is the sam^ 
if the right to be sold is the right of pre- 
sentation to a church-living at the death of 
the present incumbent. 

The estate meant in these rules is the nett 
iurplus rent after deducting all taxes and re- 
pairs. 
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CHAPTER IV, 



On Mr. De Moivre*s Rules for calculating 
the' Values of Joint Lives ; luith a Post- 
script, containing a Specimen of the most 
expeditious Method of calculating the Va- 
lues of Single and Joint Lives, according 
to any Table of Observations. 

± HE calculation of the values of single 
and joint lives, from given Tables of Ob- 
servation, being tedious and troublesome; 
Mr, De Moivre has had recourse to two /iy- 
potbeses, which give easy rules for this pur- 
pose; and which, he thought, corresponded 
with sufficient exactness to Observation. — 
The first of these hypotheses is, that the pro- 
babilities of life decrease, as we advance from 
childhood to old age, in an arithmetical pro- 
gression; or in such a manner, that the dijffer- 
ence is always the same, between the num- 
ber of persons hving at the beginning of any 
one year, and the number living at the be- 
ginning of the next following year. — The 
other hypothesis is, that the probabilities of 
life decrease in a geometrical progression ; or 
in such manner, tliat the proportion is al- 
ways 
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■ways the same, between the number of per^ 
sons living at the beginning of any one year, 
and the number living at the beginning of 
the next following year. — All the Tables 
of Observation shew, that the real law, ac- 
cording to which human life wastes, comes 
much nearer to the former hypothesis, thaa 
the latter.— In Tables V. VUl. and XVII. in 
the next volume, it is so near the former hypo- 
thesis, that the difference between them in the 
middle stages of life is scarcely worth re- 
garding. According to this fiypothests, there- 
fore (accommodated to the Breslaw Table, in 
the manner mentioned in the note, page 2.) 
Mr. De Motive calculated the values (jf single 
lives : and the rules founded upon it for this 
purpose are so easy, that an operation which 
would otherwise take up much time, may 
be performed almost immediately. 

By proceeding on the same principles, the 
Talues of Joint lives might have been calcu- 
lated ; but the rules for this purpose derived 
from these principles, are tar from being 
equally easy in practice. Here, therefore, 
Mr. De Mrnvrc quitted his Jirst hypothesis; 
and finding, that the second hypothesis af- 
forded, in the case of Joint lives, rules that 
TV'ere as easy as the rules given by the other 
hypothesis were in the case of stTigle lives, 
■he chose to adopt this hypothcsi/i ; believing 
at the same time, that the values ofjotnt lives, 
obtained by rules derived from it, would 
not deviate much from the truth. But in 

this 



So6 Of the Method of calculaihig 

this he was greatly mistaken. The values 
of two Joint lives obtained by these rules are 
sa wrong, that in finding the present value, 
in a single payment y of one life after another, 
they generally give results, which are near a 
quarter of the true value too great; and 
about two-Jifths too great, when the value is 
sought in annual payments during the joint 
lives. These are errors so considerable, that 
I think it of particular importance that the 
public should be informed of them, in order 
to prevent the incoiiveniencies and perplexi- 
ties they may occasion. 

Mr. Simpson (in the Appendix to his Trea- 
tise on the Doctrine of Annuities and Rever- 
sions) has observed, that Rfr. De Moivres 
rules for finding the values of joint lives are 
wrongi But 1 don t know, that it has been 
ever attended to, that they are so wrong as I 
have found them. !Mr. Simpsons remarks 
point out chiefly the errors in these niles, 
when the values of ///;re or more joint lives 
are calculated by them ; but, till I wsis 
forced to a particular examination of this 
subject by some difficulties into which I 
found myself brought by following Mr. De 
Moivre too implicitly, I did not at all sus- 
pect, that any such errors as I liave men- 
tioned could arise from these rules, when 
the values of only ttro joint lives are calcu- 
lated by them. Mr. De Moivre, in con- 
sequence of other remarks contained in Mr. 
Simpsons Appendix, altered, in the 4th edi- 
tion 
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tion of his Treatise, some of his rules. > It 
is smprizing he did not see reason at the 
same time to alter these. 

That there may be no doubt about the 
truth of these observations, I will just men- 
tion a few examples of the di^rence be- 
tween the values of a given reversionary ait- 
nuity, according to the rules to which I 
have objected, and the values, according to 
the exact method of deducing them from 
Mr. De Moivre's first hypothem. 

Let the proposed annuity be ^30 to be 
enjoyed for what shall happen to remain of 
the life of a person now 40 years of age, 
after the life of another person of the same 
age. The value of the joint lives (interest 
being at 4 per cent.) is, by the 3d hypothesis, 
or Problem 2d of Mr. De Moivre's Treatise 
on Life-Annuities, 8.964 ; which subtracted 
from 13.196, (the value, by the first hy- 
pothens, of a single life at 4o) gives 4.23 ; 
which remainder, multiplied by 3o, gives 
^126.9, or the value of the reversion in 
a single present payment. And 1 26.9, di- 
Tided by the forgoing value of the joint 
lives, is ^14.16; or, the value of the re- 
version in annual payments, during the joint 
lives. — But the trtie values are ^101.1 in a 
tmgie payment, by Quest. I. Chap. I. and 
«£lo.8, in annual payments, by Quest. IV. 
— TTie former values, therefore, are a quarter 
of the true vtlue too great in die ntigle pay* 
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ment; and near two-Jifths too great in thcf 
annual payments. 

The true value of the same annuity for a 
life at 66, after another life of the same age, 
is, (reckoning interest as before, at 4 />e/' cent) 
^68 in a single payment; and ^13.5 in 
annual payments. — But these values, accord- 
ing to the Problem just quoted, are ^91 and 
^'21, one of which is near a thirds and the 
other above haff the true value too great. 

In imequal kves these errors maybe no less 
considerable. — ^Thus; if the value of the 
proposed annuity be required for a life at 70, 
after a life at 3o years of age; it will, by 
the same Problem, be ^'26.5 , in a single pay- 
ment; and iECfA, in annual payments during 
the joint lives. But the true values are ^l 7 
and r^^3.05. 

Where 3 or more lives are concerned tlie 
errors will be still greater. 

The true values of the joint lives, men- 
tioned in these Jlxamples, have been calcu- 
lated by a rule in page 16, of Mr. Simpsuns 
I'reatise on the Doctrine ot Annuities and lie^ 
versions, and explained in Note (L) at the 
end of this volume. — ^To save, however, a 
great deal of trouble hereafter, 1 h^yc thought 
proper to calculate lable VIL iij the next 
volume, which gives the exact values accord-- 
ing to Mr. De Aloivresjirst hypothesis, of 
two joint lives, for every live years of human 
life, from 10 to 70. 

This 
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This h/pothesis, I have observed, does not 
differ much from the Tables of Observation 
for BreslaWr Northampton, and Nonvick. Be- 
tween the ages of 30 and -40, it gives the va- 
lued of single lives almost the same wi^ the 
£r»/au;Tabl& Under 3o, it gives them some- 
what less ; and above 40, somewhat gr»z/0r. 
But it ought to be remembered, that where- 
ever it does this, it gires, at the same ages, 
the values of the Joirit lives also too little or 
too great; and that, consequently, the re- 
sults from it, in calculating the valn^ of Re- 
versions, and of the longest of given lives, 
come so much nearer to exactness. 

The rules to which I have objected are the 
only ones given by Mr. De Mowre, in all the 
editions <k his Treatise on Life- Annuities. 
But it seems, this great mathematician be- 
came at last sensible, that they were too in- 
correct; and therefore, at the end of the last 
^tion of bis Treatise on the Doctrine of 
Chances, page 320, (a work which gets into 
comparatirdiy few hands) he has given other 
rules which come nearer the tnith. But 
even these rules produce errors so great in 
xaafiy cases, (particularly when cotnbined 
wiCh the errors of the hypothesis) that it will 
be best never to use them. 



POSTSCRIPT 
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POSTSCRIPT 

FOR THE FOURTH EDITION. 

Since the former editions of this work I 
have found reason to be dissatisfied with 
Mr. De Moivres first as well as his second 
hypothesis. There is no situation in which, 
in the first and last periods of life, it cor- 
responds to fact; and in some situations, 
particularly great towns and country parishes, 
it does not correspond sufficiently to fact in 
any periods of life. An inspection of the 
Tables of Observation in the next volume 
will prove this. However useful, there- 
fore, this hypothesis may be in many cases, 
it would be best not to be under any ne* 
ccssity of having recourse to it; and for 
this reason, and also to render this work as 
complete as I am capable of making it, I 
have, while this edition has been in the 
press, and with the help of some friends, 
calculated the tables in the next volume of 
tlie values of single and joint • lives from 
the Nqrffiampton register of mortality. This 
register has been chosen for this purpose, be- 
cause it gives the mean values of lives be* 
twecn the highest and lowest, and is on this 

* The value of the retersionary annuity, mentioaed 
in p. 208, is iy these Tables 14.83 in annual payments, 
instead of 13.5, as there given from the hypothesis. 

account^ 
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ttbcbun^i and alstf in consequence of the 
corrections I hare made in it, better fitted 
for gehetal ilSe than any other.— — I have, 
however, retained thfe Tables of these values 
according to Mr. De Mowres Hypothesis, 
published in the formet editions of thisveork> 
because all the examples in the preceding 
part of this work hare been taken fi<bai them, 
and there vat some cases in which they may 
still prove of use; 

The ciomputatidn of the valnes of joint 
lives correctly from a given table of Ob- 
Mrvfltions, is a business so tedious and dre^ 
some, that it has scarcely beea ever e±e- 
cuted, except by Mn Simpson from the Z*^' 
^on Observations ; and as these give the va^ 
lues of lives among a body of people taken 
Sn the gross in one of the worst of all si- 
tuations, they are by no means fit for com- 
mon uae.— — I have therefore, employed a 
good deal of attention to find out the most 
ca^y and expeditious method of m^ng these 
calculations; and I shall here give the fol- 
lowing Specimen of a method (deduced from 
ih^ described by Mr. Morgan in his Treatise 
o» JLife-Annuities and Assurances, chap. 2d> 
sect. 2d, p. 56) which, at the same time 
that it renders mistakes impossible, will ex- 
pedite this work as much as the nature of it 
^11 allow, and render the computation vX 
-the values i6f hny numbef of joifff lives not 
moit difficult or tediotu Uian the computtt- 
p S tion 
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tion of the values of aa equal number vf 
ajfwfelivea. 

Let the Table of Observations be tbat for 
Nor Hampton, or Table \ 7th» in the next vo- 
lume; and let the rate of interest be A per 
cent* 

Write dowri on « paper to be always kept 
m tight the Logarithn^ oi all the numb^ 
in the column of the living withoiit thein* 
dices. 

BXAMPJbE FIRST. 

living at age e-^ i xQio — Log^. .06632s 

1 year sGso— .937016 

age 81 — 

83— 
84— 
^« 

age 91— 



93 



gs- 



&c« 


&C. 


400— 
346— 
289 — 
?34— 


,608526 
.539070 
.460897 
.36921$ 


34-r^ 
34 — 
16— 


,531478 
J3802ri 
-.204119 


9— 

4 — 
1 — 


,95424s 

.902059 

'.OQOOOO 



Find the Logaritbn ef ^l, incveasqd br 
-its interest; for a ytasp and also the. "Lt^gir 
nthm of the value of «6^i» payable at tfaf 
«nd o£ ft ftnmW' of yta» eqv4 to tb^di£- 
• . ■. 6 ference 



^tcace b«ei^M6 the greatest |nidleatt^;i9 
ia the T^ble of 06sorvatk>n> kHssiled bj 
tiletlifieieiloe a€) «g^ .ltMiviee& die^oint Jtea 
IdMMe vaham^ aM iso-bt tatculatxsd;^ f^di i 



/ ^« 






Interest bmng^ 4 pn^^cefit ^i^dni 
hf it6 interest for i^i year v 1.04:; add the 
Logvithttof IJ04 is .oi 70*3 J. 

In the Nottfuxmpion Tible of Ofasevrations 
th« gfaatesb^ttge w g^,- md tbelt9$t'^f o, 
Hie dkffettnc^ thetkoM, i^ QQra»d iiip 
p&Ang the givwi didferip:N^^;of Jigd^tetvi^ 
the two joint lives to be loyeatf^ ^ raliie 
oi £1 payable at the end of a number of 
years equal to the difference between the 
greatest and least ages in the table lessened 
by the difference of age between the joint 
lives, will be the value of ^1 payable at 
the end of 86 years. Table 1 st, in Ae next 
volume, shews this value to be .0342872 
(reckoning interest at 4 per cent.) the Lo- 

farithm of which number (striking out the 
ndex) is .535133. 
N. B. The best way of finding this Lo- 
garithm is by multiplying the Logarithm of 
J^ 1 with its interest for a year by the dif- 
ference between the greatest and least ages in 
the Table lessened by the difference of age 
between the joint lives, and subtracting the 
product from unity. The remainder will 
oe ika "Logarithm sought Thiis, in the 

present 
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present example .0170933 i&ultiplied by 80^ 
gives (nvidiout the. Indei) ..46486il, wldoh 
Bubl!rftote4 ^m unity Icfures .$35136.-^- 



Had the given diderence; of 9ge betw<;eo 
the two joint lives been 15 years, and the 
youngest ag0 in the Table pf Ob^rvations 3, 
iEind the oldest 94^ ^e Logarithm .0170333, 
instead ;i of being imiltq^lied by 86^ must 
have been multiplied by 7^1 ^nd tbepro- 
duibt (without the Index) subtca^tipd ^om 
unity would have beea •7054^. ' 
. Hft^eidg^made thcte prqparatioi(i», the cal- 
culations: must JbegJA « with the plde$t joii4 
lives^ aiKl' proceed uf^wax^ a^o^diog tp i^ 
following specimen. 



V, • . •! 



*» ' ... I 



• 
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OBSERVATIONS. 

In tbe addition of the Logstrithms in this 
SpQcim^n, the 4^cim^l parts only are to be 
liet4iQed. 

In subtracting them, it is of no consc- 
i^uentie whether a X/Ogarithm is greater or 
less than that fiom which it is to be sub- 
tr^ted. 

In every column, the numbers in the 
Jincs B, C, P, JE, f, G, H, give the valu§. 
Xhe other numbers give the proof. 

The ^rst Jx)garithms in the lines B and 
4re always the Logaritiiims of the number^ 
Qf the living at the oldest ages in the Table 
of Observations, which have the given de- 
ference of age, and the following Logir 
rithms are the Logarithm^ of the numbers 
living ^t the pext ages, each pneyear younger 
than the preceding, 

The values of the two joint lives are the 
numbers of the Logarithms in H ; and the 
proof of these values consists in the equality 
of the sum of the members in L and M in one 
column, to the number in M in the following 
column. And it should be particularly ob- 
seryed that this proof answers sufficiently if, 
in consequence of placing the numbers in 1» 
and,M over one another in am/ order, a suiji 
can be made out vvhose first 6 figures are 
eqijal within 5 or 6 units to the succpedii^ 
number in M. If tlie propf xloes not answer 

within 
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within thie limit; the calcalations hare been 
too incorrect S and it will be necessary to 
examine the numben not -verified by the last 
proof; namely, the numbers of the two 
lAgantfams in I and H in tiie preceding (sh 
luiun ; the X<ogaiithms in B and C and O in 
the tfiitgequent column ; and tbe Ix^rithms 
m A, E, F, 6, H, I, and &» in the coltuan 
where the proof is found to be deficient. 

EXAMPLE, 
The addition, in the- foregmng specimra^ 
o^ tbe fint numbers in L and M to one an* 
oth«r> when the Jirtt figure in M is placed 
voder the second in L, makes 3 1 soao, whtqh 
ia within one unit the same with sitoig, 
the second number in the line M ; and tbia 
PKOves the calculations so far to be sai&* 
^Qtly correct— —-In like manner; the ad' 
dition of the tfurd numbers in L and M 
^ves the ybar/A in M within three units.' 
But had the addition of the numbers in L 
and M given tbe subsequent number in M 
only within six units; that is, had it girbn 
the number 267947 or 287935, an iocorrecti-' 
ness of too much consequence must have in^ 
sifiuated itself, and it would have been pro* 
per to examine the numbers and Logarithms 
just mentioned, in order to detect it. 

* This (uppoaea that the values of the joint Uvea are to 
be IbuDd to tmre placet of decimals The agreement of 
Jlw figum irithm 4 «c 5 anhi tiitt be Nffldcntj if tbe 
nlucs m required oolyto two ^ace> of ckclinali. 

In 
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In calculating the last value ; that is, the 
value when the youngest of the lives is the 
youngest in the Tahle (or a life just born, 
accox^ing to most Tables) this proof will 
change into a new proofs verifying all the 
preceding values. For the Logan thm of ^l 
with its interest for a year (that is, .017033 
when the interest is 4. per cent.) subtracted 
from the Logarithm in F, will leave a Lo- 
garithm, the number of which will be the 
sum of the numbers in L and M in the pre- 
ceding column. 

- This Specimen will be accommodated to 
the calculation of the values of single lives % 
by striking out the Logarithms in C, and 
making those in D the same with those in 
B ; and also making the first Logaritlim in 
A, from which all that follow are deduced, 
the Logarithm of ^l payable »at the end of 
a number of years, equal to the oldbst age in 
the Table when it begins at birth, or to the 
difference betw.een the oldest and youngest 
when it begins at any age after birth. 

.This Specimen will be accommodated ta 
the calculation of the values of any three 
joint lives, if to the Logarithms in B and C 
are added (in order to obtain D) the Loga*^ 

« 

"* In this case, and also in calculating the values of eqtuit 
joint lives, the first Logarithm in F (when the number living 
at the oldest age ip the Table b 1} will be nothipg; but 
notwithstanding this^ the first Logarithm in G must be sub- 
tracted from it just as if it was unity^ ip order to pbiaiii the 
lirst Logarithm in H. , 

2 rithms 
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nthms of tha numbers living at any other 
Hges, the difierencp between lyiiich and the 
ages in B ^nd C is given ; and if, likewise, 
the * series pf Logarithms in A is deduced 
from, the I^garithni of the value of ^l, 
payable at. the end of a numbor of years 
equal (if the ages bf^n at o) to the oldest 
in the T^bji^ ; or (if they do not begin at o) 
to the difierence of age between the oldest 
(ind youngest in the Table ; lessened (in both 
cases) by the differences of age between the 
oldest ^hd youngest oi the three joint lives 

whose values are sought. ^Tbus, Sup- 

posii^ ti)p given difierences between the 
;pges of the joint lives whose values are to 
}ft calpqlated tp be 5 and lo years, and the 
interest ,4 per cent. a.nd the Table of .Obser> 
vationS;tp te}?minate (as the Northampton Ta* 
^le does) at 96 ye^s of age, and to begin at 
0« The sejies of Lpgarithms to be added 
to those jm 3 ai)d C in order ^ to* obtain D, 
will be the Logarithms of the living at 91 
in the first column, at 90 in the second, at 
99 in the third, &c. And the Logarithms 
in A will be the same with those in the 
Specimen. !3ut had the di£R;rences of age 
been 10 and 15 years, the Logarithms to 
be added to those in B and C would have 
been the Logarithms of the living at 8 1 , 80, 
79» &c and the first Logarithm in A would 
bave been the product of 81 into .017033 
subtracted from unity or .620302, and the 

j^owing Logarithms in A would have been 

.017033 
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.C17033 added contiilualljr'^to (has Legft- 
lithm* 

It is hence -evident that in this meAod 
compntEttions of the Values <>f any giveit two 
^r three or four yAnt livt^s are nearly as easy 
ai cotnput^ons of (he valMs of smgle Ures ; 
and may> after some practice^ be-perfotti^ 
almost as expeditiously as the Atimbers can 
be written. 

An error in a book of L()garitfanis may, if 
not suspected, produce infinite perplexity; 
and thefefore, when, after repeatitag bhy eal- 
dilation, the source of ail error eaiAnot iye 
discovered^ it will be nght to examine the 
Tables from whence the Logarithms hatife 
been fAen« In general, the order ih whidi 
the nuJtnbers follow one Another will imm^ 
diately discover an error of the press-; but if 
not, a different book of Logarithms should 
be consulted; and if possible, Mr. Oardi^ 
ker's, which is so correct a* to be almost 
invaluable. • 

It may be propeif to obeerre once more^ 
tfiat It is very easy to take from Sjeerwiws 
or Gaudiner's Tableia the numbers of Lo- 
garithms, and the Logarithms of numbers 
to six figures ; and that if this is ^one, the 
ly^sulting values will be always accurate to at 
least the third place of decimals. But, if 
such a degree of accuracy is thought need- 
less, it will be sufRdent to take them to Jfer 
figures. . ■ ' . 



The Thcosenu on which the method of 
oJculations here oxptsuied ^elusive of die 
prooO 4re . grounded, wiU be givea in note 
K at tbe end of tlus vohime. But a move 
distinct investigatifMd! of these Thebrenw^ 
ftnd also an expluution of the princt^des on 
-which the ^oof is founded, has been ^ven 
by Mr. Morgan in his Treatise on Anoiutiet 
and Assurances. Chap.. 2d. Sect. 2d. 

The rules ibr finding, from the values of 
two or three ykat liTes, the values of the 
hn^t of any tu» <« three lives ; aad alao a 
very easy rule for obtaining nearly the wkie 
of any ^Aree joint lives from the Tahies of 
Aco joint lives, will be ^ven ui the next 
volume at the end of the Table, shewing 
the values €£ two joint lives acccHidiDg to the 
Northampton ObtervatiDns. 



Account of a method of t^ttchtg, from the 
Correct w^ues Caccording to any observer 
tiensj of any tingle or joint Iwes at one 
rate of interest,, the tame vahes at other 
rata of ottered. 

PREUMIKARY PIOBLEMS. 

FMOMMt I. The expectation givea q£ a 
noi^e li& by. aay table of ofsservatioiu, tu 
find ita vidiM; aiqipsuQg the decrements of 
•lileeyial* al«y^^eit>Bate of isterest. 

SoLDTIDN. 
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Solution. Rnding in Tablft 11. the value 
of an annuity certain for a number of yeart 
equal to twice the expecJtation. Multiply 
Ihis value by the Perpbtuity increased 
by unity, and divide the product by twice 
the expectation. The c|uotient subtracted 
from the perpetuity will be the value re* 
quired. 

EXAMPLE. ^ 

The expectation of a life aged ten, by 
the Northampton observations (See Table 
XVIII.) is 39.78. Twice this expectation 
is 79.56. The value of an annuity certain 
for 7^'5Q yt?iTS is, by Table IL (reckoning 
interest at 4 per cent) 23.894. The product 
of 23.894 into 26 (the perpetuity increased 
by unity) is 621.244, which, divided by 
19.56, gives 7. 808. And this quotient 
subtracted from 25 (the perpetuity) gives 
1 7 . 1 92 years purchase, the value of a life 
aged ten, deduced from the expectation of 
life at that age, according to tlie North" 
ampton observations. 

This is the rule by which Mr. De Mohre 
has calculated the table commonly used of 
the values of lives according to his hypo- 
thesis ; and from this Table (the sixth Table 
in the next volume) the value required in 
this problem may be deduced more com- 
pendiously in the following manner, prof 
vided the expectation does not exceed S8.-i— 
^ Take the difibrence between twice the 

" expectation 
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" expectation and 86 ; and the value in the 
" Table corresponding to that difference, if 
** not less than lO, will be the value sought." 
Thus; twice the expectation of a life aged 30 
(that is, its complement) is, by Table XVIII. 
56.54. The difference between it and 86, 
is 29.46. And since the value correspond- 
ing to age 29 in Mr. De Mowre^s valuation 
of lives (or in Table VI. in the next volume)' 
is (reckoning interest at 4 per cent.) 14.816; 
and ,the value correspon<Ung to age 3o is 
14.614 ; it is obvious, that the value cor- 
responding to age 29,46 must be the greatest 
of these two values lessened by tVb- of the 
difference between it and the least. This 
difference is 202 ; and AV of it (or .202 
multiplied by .4*6) is .093, which subtracted 
from 14.816, gives 14.723 the value sought 
of a life whose expectation Is 2S.27 (or 
whose complement is 56.54) on the sup- 
position of an equal decrement of life. 

PROBLEM n. 

Having the exp^tations given of any two 
lives by any table of observations, to deduce 
from thence the value of the joint lives at 
any rate of interest supposing an equal de- 
crement of life. 

SoLirrioN. Knd the difference betweca 

twice the expectation of the youngest life, 

and twice-lihe,flxpi^t»tiQa. of tbe oldest life 

increased by. foikyiaad twice the peipetuityr' 

Multiply 
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Miiltiplj this difference by tbe ralue of an 
abnoity cert»n for a time apsaX to twice the 
expectation of the 6lde9t Ufe; and by twice 
liie same expectation diiide the product, rtr 
serving the quotient 

. From twice the perpetuity subtract thtf 
Msenred quotient, and nraltiplly the remsinp- 
der by the perpetuity increase by unity *• 
This last prcxliict divided by twice the t%^ 
pcctation of the youngest IxSt, and then sub^ 
tracted from the perpetuity, will be the re* 
quired value. 

EXAMPLE. 

Let the joint lives proposed be a life aged 
lo, and anothier aged 15, and let the tacble 
of observations ^ be the Northampton Table; 
and the riate of interest 4 per cent^ Twice 
tbe expectations of the two lives are 79.3Q 
and 73.02. (See Table XVIIL) 

Twice the expectation of the oldest life, • 
increased by unity and twice the perpetuity, 
is 124.02, which lessened by 79.56 (twice 
the expectation of the youngest life) leaves 

44.46 for the re^errerf remainder. ^This 

remainder multiplied by 23.574 (the value 

* When twice the expeetatioii of the youngest life if 
greater than twice the oxpectttiOD of the drat life in- 
creased by unity and twice the peraotuit;, tbe reserved quo- 
tient, instead of bei^g subtracted from twice the peipetiittTy 
xnusf he added to it, arnd tftrmiiy not the i^erencej imn» 
tiplicd by tbe peipetuitjp iKfeaodbfay vidly. 

of 
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of an annuity certain ' for 73.02 years) and^ 
the product divided by 73.02 (twice the ex- 
pectation of the oldest life) gives 14.352 the. 
quotient to be r«erW(i; ; which- subtracted 
from double the perpetuity, -and the remain- 
der (or 35.648) multiplied by the perpetuity 
increased by unity (or by 26) ^ves 926.85, 
which divided by 79-56 (twice the expec- 
tation of the youngest life) and the quotient 
subtracted from the perpetuity, we have 
13.350 for the required value. 

This calculation may be made^ more easily 
by logarithms in the rollowing manner. 

' This value, when the rinmber of years is a whole 
number with a fraction added (as will be commonly the 
case) tRSf be best conipHted. m the followio; maiiDer. 

Sappoae Afrnumber of years to be BS.28. 

-tSxe value of an annuity certain for 83 years is (by 
iWble II. Vol.11.) 24 035. The tame value for 84 years 
b 24.072. The difference between the« two values 
b .037; which difference multiplied by .28 (tbc fractional 
part of the number of years] and the product (.0103) 
added to Ifie i/eatt of the two takies, will give 24.045 the 
TaluB for i)3, 28 yean. 



Twice 
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Twice the expecta-^ ^ 

tioR of the ddest iaS 
Add twice the per-v 

petuity increased?^ 5 1 .oa 

bj unity - - > ■■■ 

Sum - - 124.03 
StJBTRACT twice^ 
the expectation of> 7Q* 56 
the youngest - ^ ■ ■ - 
Remainder - 44.4& 
Log. of 44.46 is 1.647,9^5 

Log. of 2a.574 is 1.372,4333 

. t 

Sum - - 3.020,4028 

Subtract - i .863^44 1 8 Log. of 73.02 

1.15fto6lO>*«' n«wher tf 

>lo bfi rettnrdU. 



Twice the pcrpe-r^^ 
tuity II y 

Subtract i^SSS 



' I ■ 



t .1 



Remains • - 95.648 Lo^. of wfaich ii 1 JSS^^ff 
Add Log. of the perpetuity increaaedbj unity IM/ififtiftf 

Sum . - 2367,0065 

Subtract Log. of twice the expectation of thel • ^^^ ^^^^ 

youngest | i^WJl^WW 

Remainder - - 1 .066,3137 

The number of this last remainder is 
1 1 .650, which subtracted ftom 25 (the per- 
petuity) leaves 13.350, the value sought.-^ 
See the algebraical canon in Note (L) at the 

end of this volume. 

GSNSRAI. 



at diftrtttt Rata if If ^s ml ' ^ 

- .. T 
GENEItAL RUtE. ]' :, 

Call the correct Value (supposed lo bS 
compuCed for any fyte. of iMeke^^ ffie itU^ 
vaiue. .■'" ' -■''- 

. Call the value jdeduccd <by the p^cedirig 
problems) f torn th6 expidiaiiotu at the 'tomd 
rate of interest, the sEconA Tttlise. - 

Call the value deduced irom' th^ exfeda^ 
tiffn$ fdr any other rate 6f intsKst the ttiiRS 
value^ 

ITien, the difierence between thejtrit And 
second values added to or subtracted ^^m the 
third value, just as \hejk-si is greater or less 
tftan the aecojtd, vrill be t!hc value at the rate 
of interest for which the thvAd value bU 
beea deduced fenn the ezpectatiofis. 

The folloiving examples tt^l niaki Ms pBt^ 
fectlyphmt./ 

EXAMPLE L . 

In the 48th and 4£)th Tables, Vol. tl. tfad 
correct values are ^ven of two joint liVei 
among mankind at large, withbut div^in^ 
gtutihing between males and females, acdnrd^ 
ing to the Sweden observations* reckoning 
interest at 4 per cent. • . < ■ 

X^t it be requi/ed to find Irom thesei 
values the values at a^ peroent,; mUd isb &a 
ftgea of the joint Uvea ' iM-iuppoied 10 sUd 
U>. ,.■■ ■ -lil ■■^ 't'i.-^- ■-■ 

■ :■,! * r/«3, i !■ :! ■ Th« 
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The correct value by Table XLVIIf, 
(reckoning interest at 4 per cent.) is 16.14 1. 
The expectation of a life aged 10 is (by 
Table XLIV.) 42.07. The value deduced 
from this expectation at 4 per cent, by 
Frob. IL is 14.539. The value deduced 
by the same problem from the same ex- 
pectation at 8 p€r cent, is 16. 80 8. The 
difierence between Xh^ first and second values, 
is 1.602, which, added to the third value 
(the first being greater than the second) 
makes i 8.4 1 o the value required. 

EXAMPE II. 

. . Let the values be required of two joint 
Kves aged 50 and 60, at an interest of 3* 
per cent, from the correct value given at an 
interest of 4 per cent, according to the North- 
qinpton observations. 

First or correct value at 4 per cent, by 
Table XXII. is 6.989. The expectation 
of 50 is 17.99; of 60, is 13.21, by Ta- 
ble XVIII. The second value, or the 
value deduced from these expectations at 
4 per cent, is, by Prob. II. 7.182. The 
third \z\\xt^ or the value deduced from the 
same expectations at i per cent, is 7.704.— 
The difference between the first and second 
is .193, which (since the second is greater 
than the firsts must be subtracted from the 
fhird, and the remainder (or 7.511) will be 
the vakie required. — ^The exact value at 3 
per cent, is, by Table XXIL f .46o. 

If 
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If the value is required at 5 per cent the 
third value will be 6.732; and the differenoe. 
subtracted from 6-732, will leave G,53Q tbc' 
value at 5 per cent 

The exact value at this rate of interest, is 
(by Table XXII.) 6.568. 

EXAMPLE III. 

Let the value be required of a ungle male 
life aged 1 0, at 3 per cent, interest, from the 
correct value at 4 p&r cent, according to the 
Sweden observatioiu. 

JSr«/, or correct value at 4 per cent, (by 
Table XJ.VIT.) is 18.674. The expectation 
of a male life aged lo, is (by Table XLIV.) 
4S.94. 

The tecotid value (or the value deduced 
fi-om this expectation by Frob. I.) is 17.8S8. . 

The thinl value (or the value deduced 
from the same expectation at 8 per cent.) is 
21.277. 

The difference between the first and second 
is .836 ; which (since the first is greater than 
tbe second) must be added to the third; and 
tiiewm, (thati^ 33.113) wiU be the value 
required. 

The third value at 5 per cent, is 1 S.286 ; 
and the difference added to 1S.286 makes 
16.122 the value of a male life aged lOat 5 
per cent, according to the Swbdbit observa- 
tions — ^The exact value at 5 per cen/. is (by 
Table XLVIi) 16.014. 

Again 
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- A^ajui. The ^ifi^rence between 16.014 
(&ie correct value at ^5 percent) and 15.286 
(the value at the same interest deduced from 
the expectation) is .728; which, added (be- 
cause the first value is greatel: than the se- 
cond) to 13.335, (the value deduced at 6 
per cent, from the expectation) gives 1 4.063, 
the value of the same life, reckoning interest 
at 6 per cent 

These deductions, in the case of single 
lives particularlj, are so easy, and give the 
true values so nearly, that it will be scarcely 
ever necessary to calculate the ejcact values 
(according to ^py given observations) fof 
xnore. than one r^te of interest. 

If, for instance, the correct values are com- 
puted at 4 per cent- according to any obser- 
vations, thfc valqes at 3, J{-, 4;, 5, 6, 7, or 
8 per epnt majr be deduced from them by 
tl)e preceding rules, 9s occasion may require, 
i^idiout much labour or any danger of con- 
siderably errorg. — r'jThe folio wing comparisons 
wBl shew in . sonjic measure how far thjesp 
deductions oi^y be depended on. 



. » 
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Value of Single Male Lives by the Sweden 

Table of Observations. 



Valnri at 6 prr cent, dr- 
durrd from the corrrci 
values by Table XLVII. 
at 4 per cCDt, 



AgM. 



5 

10 
15 
30 

6o 
70 



15.879 
16.122 

IS. 707 

13.909 

7.969 
5.417 



Correct Tataet by Table 
XLVIL at 5^N- ce«(. 



15.786 
16.014 
15.624 

13.889 

7.963 

5.389 



Values of two joint Lives by the North- 
ampton Table of Observations. 



Afci* 



5- 5 
15-15 
25-25 
40-40 
60-60 
15-40 
30-60 
50-60 



»nt. deduied C""-'"' valu«'„^, ^^^^^ 
from the eor- ^ * 'Tabh^ '"»■" »^ 



rectTaIneiat4 
par eriit. by Ta- 
ble XX. tfc. 



11.989 

1 1 .986 

10.775 

9.006 

5.842 

10.214 

7.285 

6.5 a 5 



XVUI. XIX.' 
&c. 



cor- 
rect Taluc* at 4 
irnM.byTk- 
bie XX. &c. 



^! 



1 1 .984 

1 1 .960 

10.764 

9.016 

5.888 

1 0.205 

7.292 
().568 



15.61 8 

15.184 

13.389 

10.756 

6.692 

12.368 

8.396 

7.471 



Correct va- 
loesatSfirr 
rtiu. bv Ta- 
blei 'XX. 
XXL &c. 



15.638 

15.229 

13.383 

10.764 

6.606 

12.459 

8.378 

7.461 



Values 
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Values of Single lives by the Northamp- 
ton Table of Observations. 



AgC5. 



Valiiri(at3j>cr| 
vn- cent, drdiiccil 



Correct va- 



VMlucsatJ/icr; 

eent. deduced 'Correct ,»-.<..... ...... v^.,ww ,.^. 

from the cor-'Jues at 5 per from the cor-rlues mt 3 per 
rcct Tallies at rtnt, by Table rect valupi ai|rifR/. by Table 



4 percent, by {XIX, 
iTable XIX. 



5 



10 
68 



14.825 

15.162 

6.546 



,5 per cent, by 
Table XIX. 



I 



14.827 

15.139 

6.536 



20.435 

20.652 

7.353 



.\gn. 



Villon ut4jirr| |V.ilue»at5)ier 

ran.', dedncrdjCnrrrct va-lrenf. dednceri 
friiin (he cor-'lnci at 4 ptr'itrnm Ibe ror- 



.\IX. 



20.473 

20.663 

7.367 



5 

10 
68 



rrct values at, rrti/. by Table 
^ per ctmL byiXlX. 
Tahir XIX. 



I/.239 

17.500 

6.92 f) 



17.248 

17.523 

6.()30 



reel Talueii ac 
H per cfw, by 
Table XIX. 



14.850 

15.17a 
0.560 



Correct ▼■! 00 
at 5 per umt* 



14.827 

15.139 

6.536 



It may be obscn-ed in these examples, 
that ibc deduce4^ values are sometmes ahnost 
the same with the correct values ; that gene- 
rally they do not difier more than a 20th or 
doth of a years purchase; that in jQint 
lives they differ less than in single lives; 
and that they come equally near to one an- 
other tvhaievei^ the rates of interest are. 

The following observation will shew the 
rrason of the circumstance last mentioned. 

I'he value deduced from the expectation 
coincides with the correct value when the 
rate of interest is little or nothing; and, 
cont>equcntly, the difference between the two 

5 values 
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values becomes then little or nothing ; and 
to this it i« continually tending as the vor 
terest is diminished On the contraiy; the 
increase of value occasioned by the decteas^ 
of interest tends to make the difference 
greater. There is, therefore, in this case, 
the counter-action of two causes Tphich al- 
ways keep the difference nearly the same in 
all rates of interest. 

The preceding rules seem to leave nothing 
wanting on this subject, except tables of 
the values of two joint lives at any one rate 
of interest, when the lives are cither both 
male or both female lives. But the fol- 
lowing rule for finding these values from 
the values in the Sweden Tables, will 
render the labour of composing such tables 
almost needless. 

Rule for computing from the values of 
two joint lives in Tables XLVIll. and 
XLIX. the values of two joint lives 
both male or both female. 

« Find in that column of Table XLV. 
" which shews the expectations of lives in 
"general, two ages whose expectations 
" come nearest to the expectations of the 
" two male or the two female lives pro- 
** posed. 

" From these expectations deduce^ by 

* Uie rule in p. i2Z, the value of two joint 

■" Uvea 
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■^ lives at those ages ; and take the difierence 
" between thfe value and the torrect raiue at 
" those ages in Tables XLVIIL atid XLIX. 
'' Deduce also, by the rule in p^c 228, 
'* the value of the joint lives proposed, 
-*' from the expectations in Table XLV. of 
'* malfe and tcmale lives. The diflerence 
*'*' just found added' to this last value, if the 
*' value before deduced from the expecta^ 
'^ tions of lives in general is less than the 
^' correct value, or subtracted from it if 
'* greai0\ vvrill be nearly the correct value of 
** the two jojnt lives proposed." 



example:. 

Let the two proposed lives be both fc* 
male lives, one aged 2o and the other aged 

50. 

The expectation of a female life aged 20 
is, by Table XLIV. 89.15. The expecta- 
tion nearest to it, in Tabic XLV. shewing 
the expectations of lives in general, is 39.47, 

corresponding to a life aged 18. Ip like 

manner ; the expectation in the same Table 
nearest to tlie expectation of a female life 
:iged 50, is 19.09, corresponding to age 
49. ^The value (deduced frt>m these ex- 
pectations) of two joint lives aged 1 8 and 
19, is, by the rule in p. 223, 10.245. The 
correct value, taken from Table XLIX. is 
10.851, and the cfiffercnce is .606, which 
difference a(/^rf (sinee tlie former valpe is 

less 
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less than th« latter) to 10.281 (the value of 
two joint female lives aged 50 and 30, de- 
duGol {torn ^ expectations by the rule in 
p. 333) makes 10.887, the correct value* 
jiCarly of the joint _/ema/elive8.^ 

In order to find how near the values thus 
found come to the exact values, let the- v^; 
lue of a single feihaie life agt^d 20, (reckoning 
interest at 4- per Cent) be computed in the 
saiiie ' manner from the correct values given 
in Table XLVII. of the values of hves in 
gdneral. 

The expectation in Table XLV. nearest 
to the expectation in Table XLIV. ofa fe~ 
male life aged so, is 3Q.47, which, in. Ta- 
ble XLV- (shewing the expectatfttn of lives 
in general) is the expectation of a life aged 
^ ft.. - ■ „ , ..... . . T he value of a life aged I8, de- 
duced from tliis expectation by the rule in 
p. 223, is 17.138. The correct value in 
that column of Table XLVII. which shews 
the values of lives in general, is 17.897. 
The former value is the least, and the dif- 
ference is .759. ^The value deduced 

by the same rule from 39.15 (the expecta- 
tion of aye;na/e life aged 20) is 1 7.083, and 
.the difference just found added to this value, 
makes it 17.842, which is very nearly the 
same with 17.872, the correct value in Ta- 
ble XLVII. ^The value deduced in the 

same manner ofa mo/eUfc aged 20, is 17.363. 
The correct value (iu Table XLVII.) is 

'^^"■"'"^ 2. Value 
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Value by this Rule of 

A/enuile life aged 50. is 12.000 Correct valoe b 12.04^ 

aged 60, is 9.018*— -Correct value if 9.0S9 

Of a mo/^ life aged 30» is 15.732— Correct value is 15.751 
aged 70, is 5.702-— ^Correct value is 5.670 

In calculating by this rule, when any 
other rate of interest than 4 per cent, is 
tised ; the values of the joint lives, at that 
rate of interest, (deduced from the expecta- 
tions and from the values in Tables XLVIII. 
and XLIX, at 4 per cent, by Prob. 11. p. 223) 

must be taken for the correct values. ^It 

must likewise be remembered, that this Rule 
cannot be used when the youngest of the 
ti?v'0 joint lives is less than ten years of age. 
In other cases, the values found by this 
Rule will be right generally within a 3oth 
or 40th of a year's purchase, and never, I be- 
lieve, wrong more than a 15th or 20 th of a 
year s purchase* 



CHAPTEft 
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Theoremsforfinding the Diftreruxs, f^. 297 



CHAPTER \. 



Short and eatjf Theorems for f tiding, in aU 
Catea, the differences between the Vaiaet 
of Annuities payable Yearly, and of the 
same Annuities payahie Half-yeafhfpQuar*^ 
terltf, or Momently. Communicated in a 
Letter to Sir John Pringle, ISart.P.R.l^. 
and read to the Royal Society, November Q, 
1775, and published in the Fhilosopbicd 
Transactions^ Fbl. G6, Part. I. 

X HE values of anntuties, as given in 
^I the common Tables, suppose them paid 
yearly. But it is well known, that gene- 
rally they are paid half-yearly, and some- 
times quarterly : and that this is a circum- 
stance which always adds to their value. 
The difference between the values of annui- 
ties, according as they are paid in these dif- 
ferent ways, 1 have seen no where stated 
with accuracy; and therefore, I have thought 
that the following attempt to do this maybe 
of some use. 

Annuities are of two sorts. They are 
aUier payable certainly or conditionally: 



238 T^Mteou far finding the D^crences 

Of the former sort are all annuities which 
are payable at fixed times, without depending 
on any contingency. Of the latter sort are 
all annuities on lives. I will first consider 
the first sort of annuities. 

Let r denote the interest of £l for a year ; 
and n the term or number of years during 
which any annuity is to be paid. Let p de- 
note the value of the perpetuity, or the quo- 
dent arising.from dividing ^l by its interest 
'&K a year. I^t y denote the value of an an 
jwnuitj^ for A^years^ supposing it to be paid 
yearly;. ^4 ;^it3., value, payable half-yearly; j 
^s yalue', payable quarterly; a^d m its value, 
'^iyable irioihehtty-' / 



Ml' M ' .• 'Ill I 
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THEQRtlH pi. 

THEOREM IV. ' . 

M = p — ^ Trherc n denotes the 

number which hath rn^'^u- its hyperbolic 
logarithm, and m x o,4342Q448 for its lo- 
garithm in Briggs system. 

EXAMPLE L 

Let the rate of intezvst be 4 per eent. wvl 
the term 5 years, and consequents r s.ik04. 
n^s. p = 25. 

Then,« = 4.451» 
1 = 4.491» 

J = 4.5120 
I* ^ 4vMl» 

EXAMPLE n. 

Xct tbe Ate, of inUrcst be the same, and 
0i.e fi^ fbfit^iich (Jieanmiit; is fayaUe 7J* 

*!^'""" ' ■' '-nxen 
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Theny = 15.6220 
h =: 15.7118 

q ~ 15.7694 
m = 16.801 



EXAMPLE m. 

Interest being the same, let the term be 
50 years. 

Then,y = 21.4822 

h = 21.54Q1 
q =s 21.582 

m =: 21.6^6 



EXAMPLE IV. 

Interest being the same^ let the term be* 
100 years. . 

Then, y = 24.506 
h = 24.fi2a 

q = 24.532 
m = 24.542 

In the forgoing Theorems it may be ob- 
served, that the ratio to one another of the 
values of annuities payable yearly, half- 
yearly, quarterly, and momently, is greatest 
when n is least; that it decreases ccmti- 
nually as n increa;ses, till at last it Vanishes 
when n becomes indnite or the annuity is a 

pa- 
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perpetuity. AgreeaWy to this it appears, in 
the examples I have given* that the values 
in the first example di^r more from ohc 
another m proportion than the values in the 
seeood example; and that these also differ 
more than the v^ues in the third ; and that 
in the last example all the vdldes are nearly 
the same. 

These vahies computed by Mr. De Mohre's 
mfcg m his Treatise on Life-annuities, p* 8fl 
and ii4, &c. come out greater when n ex- 
ceeds^ apnd leas when n fells short of 10 or 
2£» y^rs. But those niCes suppose the half- 
yeaffy and (^arferly interest* of nJoney to be 
less than haJf or a ^rter of fbe yearl;f in- 
K^r^est. For milarice; the value of an an- 
miity ^.sSi ^a^fa^e half-yearly and qnar" 
terly for ^o years is, according to Mr. JJe 
Moivre's rules, 21.699 ^^^ 21.772, or a 
90th part an^ 74th put more thiui the value 
of the same annuity payable yearly, uip- 
^iAg-iT«?nev ifpp!Fioveil at •* per cent, whett 
t(ie' innujtyia' ja^'y;e^tly ;'aridat £i.Q8 per 
cent, when it U paii ttitfryearly; *m at 
j£o.9A8 per eeni^ -^heh it is paid quarterly : 
That is, supposing money improved ^rt a 
rate of half-yearly or quarterly interest, 
which, instead of being a half or a quarter 
of the yearly interest, is only that half- 
yearly or quarterly payment which, in con- 
sequence of being laid up and improved at 
compound interest, will in a year amount to 
the sum that makes the yearly ioteresL It 
. TfL. I. R is 
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is obvious that this cannot be the proper 
method of computing these values* But 
not to insist on this ; I will next state the 
different values of the second sort of an- 
nuities ; or of life-annuities 9 according as 
they are supposed to be payable yearly, half- 
yearly, quarterly, or momently. 

Let r as before be the interest of ^l for a 
year; n the complement of a given life;' 
y, hy q, and m, die values respectively of an 
annuity certain for n years payable yearly, 
half-yearly, quarterly, or momently; p the 
perpetuity; y the present value of an an- 
nuity on a life whose complement is n, 
payable yearly ;h the value of the same an- 
nuity payable half-yearly ; and q and m the 
values of the same annuity payable quarterly 
and momently. 

* The complement of a life is, m Mr. De Mtnvre'i 
hypothesis, the numbur of yeais it' wants of 86. 1a all 
other ca^es, it is doable the exfieelatioB erf a life; that 
is, it is double the quotient ((iitoinished by \ unitv) 
arising from dividihg the sam of all the living in a Tabic 
of Observations froip the i^ (inclusive) of the given 
life to the extremity of Itfis, by the Qumber pf the living at 
that age. 



•r, 



Then 
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m 


H =: F — 


nr 


Q = P — 

• 


nr 


M = P — 


m 
nr 



X h. 



X q. 



EXAMPLE!. 

Let the life be supposed of the age of 36. 
The complement of such a life is 50, ac- 
cording to Mr. De Mowres hypothesis ; and 
also very nearly, according to the Breslaw 
• and the Northampton Tables of Observations. 
Therefore, w virill be 50. Let the rate of 
« interest be 4 per cent, or r. ^ p,04. p =; 25* 

,yss 21.482. A =21.549. q = 21.582. m =n 
21.616. Seep. 240. 

1 04 

Therefore, t=25— 3^^^^x21,482=13,829 

«='25-,-5l^x21,549=:14,0.10 

■ 

*»=^25-55?^^^21,583 = 14,10l 



• 



' i 



^^ 21,616 , . ,^, 

M=:25 ' =t=: 14,101 

^ ^ 50x0,04 '^ 
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EXAMPLE n. 

Let the life be supposed qf the age of 6l. 
The complement of this life is 25 by Mn 
De Moivres hypothesis and the Northamp^ 
ton Table of Observations. Therefor^ io- 
terest supposed at 4 per cent ^ 

• 1 64 ^ 

^ = 25 - 25-;^5j X 15,^22 = 8,753 

« ■ 

' The diflJrrerit vahies, giten by theMilMMK 
rems * of lifb-annnitiea payable yearl^^ faeli^ 
'yearly^ and- quarterly^ suppose Aelbing^ tt> 
Tfc'durto kn iariihukaint for fjiat j^eari half 
year^ or quarter, in wMcti^ shall* faa]sl[Mii 
to die. If, on the contraiy , he is to be 

V.-—.' . ■ ' . 

Jit IS of no cpnsemponpe that these theorems are 
IbundJej lEm jSAekjfplethemof.aa cifsmt dttrement of life; 
for raking equal yearly i^ues, (or values nearly equal) the 
di&reivces bet^eea ttieai and Aa j(*, jearlv and quarUrlg 
Wd^'dreaM)btyad||^^^T^e/trtietf^ they are de- 
duced from real obselrvatiops, or from this hypothesis.——* 
E^ieti in the hypothesiJL i^^icif. it Mquirf| a consideiable 
difference in the yeail^ vido^ to produte anv material 
dififereoce in the excess of the half-yeariy and quarterly 
va|iK?, 

entitled 




entitled to svch part of the annuity as shall 
be proportioned to the time which shall 
happen to intervene between his death and 
the time when the payment immediately 
{^receding his death became due ; or in other 
words, if the annuity is an annuity secured 

by land, |- must be addbd to the first theo- 
rem in ord^r to obtain the value of such an 
annuity payable yearly. And in like manner, 

— must be added to the second theorem to 

An 

obtain the value of the same annuity payable 
half-yearly: and^ to the third theorem, to 
obtain its value payable quarterly. 

The value, therefore> in the first example, 
of an annuity payable yearly on a life aged 
36 being 13,829; its value, if secured by 
land, or to be enjoyed to the last moment 

of life, will be 13,829 + ^^ = 14,043. 

If secured by land and payable half-yearly, 

its value will be«14,oio +-^=j4,ii7. 

secured by land and payable quarterly^ 



its value wffl be i4,joi +-^ = 14,155. 

The like values in the seoqiid estantple arfc 
9,065, Qt 1 30, and 9, 1 $ 1 . 

l<ife>aiuiuities payable monthly or weekly 

may 
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may be considered as of the same value with 
annuities payable momently ; and it is evi- 
dent, that they must be enjoyed nearly to 
the last moment of life. 

From these rules and examples it may be 
gathered, that the difference between the 
values of annuities on lives payable yearly, 
half-yearly, quarterly, and momently, in- 
creases continually with the ages; but, if 
not secured by land, this difference can never 
be so great as a quarter of a year s purchase 
in the case of annuities payable yearly and 
half-yearly ; three-eighths of a year s pur- 
chase in the case of annuities payable yearly 
and quarterly; and half a year s purchase in 
the case of annuities payable yearly and mo- 
mently. 

Mr. Simpson^ in his Treatise on the Doc- 
trine of Life-annuities, p. 78, and in lus 
Select Exercises, p, 283, hath given a quar- 
ter of a year's purchase as the addition al- 
ways to be made to the value of a life- 
annuity payable yearly, in order to obtain 
its value payable half-yearly; and three- 
eighths of a year s purchase, if its value pay- 
able quarterly is required. But it appears, 
that these are too large additions; and, 
whatever be the rate of interest or the num- 
ber of lives, a fifth of a year s purchase will 
be generally more than a sufficient addition, 
if the value of the annuity is desired pay- 
able half-yearly; and three-tenths of a 
years purchase, if the valpe of the annuity 

is 
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is desired payable quarterly. Mr. De Mowres 
rules, in p. 85 of his Book on Life-annui- 
ties, for finding the values of life-annuities 
payable half-yearly and quarterly from their 
values payable yearly, are still less correct ; 
for they suppose the difference between these 
values the same, whether the annuities are 
life-annuities or annuities certain. 

Mr. Dodson, in the first question in the 
third volume of his Mathematical Reposi- 
tory, hath given a rule for finding the value 
of an annuity secured by land and payable 
yearly, which coincides with that here given;' 
and Mr. De Moivre, in p. 338 of his Trea- 
tise on the Doctrine of Chances, hath given 
a theorem for this purpose, which also 
brings out nearly the same answers. But 
Mr. SimpsQn, in Prob. I. p. 323 of his Se- 
lect Exercises, makes the excess of the va- 
lue of such an annuity above the value of 
an annuity payable yearly but not secured 
by land, double to iht same excess derived 
from Mr. Dodsons and Mr. De Moivre's 
rules. The truth is, that Mr. Dodsons rule 
gives the exact value; and that Mr. Simpson's 
problem gives the value, not of an annuity 
secured by land and payable yearly, but of 
an annuity secured by land and payable mo- 
mently ; and also, that his metliod of solu- 
tion implies a rate of interest somewhat less 
when the annuity is payable momently thap 
when it is payable yearly. 

But 
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But to prevent all perplexity <m tbi^ 9U}>^ 
ject, I wiU subjoin the io)\owmg invesdgii- 
tions, which will be easily undecstoofl by 
those who are acquainted with the conmpq 
'methods of calculating the values of life- 
annuities. 

Let r, as before, be the interest of £l for 
a year. Then the present value of ^i pay- 
able at the end of one year, two yearc^ 

three years, &c. vnll be T-r— , -=^ , ==i^ 

$;c. respectively. And the present value of 
an annuity certain for n years payable yearly 
is the sum of this series continued to u 

terms, ' or 1 1=. = , i=,.=y. 

In like manner, the present value of half 
^1 (that is, of IDS. =d£o.5) payable at 
the end of half a year, a year, a year and a 
iialf, &c reckoning half-yearly interest at half 



t • 



^ In the Postscript |t wiD be proved, tbat the sum d 

n terms of the series JL + JL + 1. ^ 1^ ^. Jb } 

a a* flj a4' a— I 

i^. Substitute 1 f rfcwe, and it «»]1 appear 



a' X a 



tbat the sum of n terms of the series L. 4- r 



■=r,j &c. is 



1 + »-|» . r rxl+r) 



the 



«lM:am»ial interest, is 31., .M=^ , c^ ,j^<v 



r r 



-?' 



JUid the present val^e of an annuity certain 
payaUe half-yearly for n years, each pay- 
mc^ to be hatf the yearly payme^t^ is the 
sun) of this series continued to 2n ti^rms ; or, 

ftS 0,5 1 1 _ 



1 






= A. 



3^ the same steps it will appear, that the 
pri^nt ys^ue of an annuity certain for n 
je^rs tp be receiyed in quarterly payments^ 
each a quarter of the annual payment is, 

r r , . r]^ r X 1 + rl^- 

Jov^also, that the present value of an annm<y 
certain for n yeans, to be received in mo- 
mently payments, each the same proportional 
part of the yearly payment that the moment is 

• 

of theyear.njustbe p ^ \ j^,, , 

r X 1 + r— I 

But, by the binominal theorem, 

2X3X4* 
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5 — 5 — T-, &c. which series approximates iurr 

definitely to the number of which rn is the 
hyperbolic logarithm, by Prob l. Sect. XL 
Vol. II. of Mr. Simpson's Fluxions ; or by 
Prop. 1, p. 40, of his Treatise on Trigono- 
metry. Therefore p — ■' 



rxl + ^ 



lOQOb&CII 



1000^ &c. 

= p jj = w, as expressed before. See 

p- 230. 

If the value of an annuity of ^l for n 
years is required payable half-yearly, and 
the half-yearly interest of ^l insteaa of be- 
ing half the yearly interest (or ~) , is sup- 
posed to be 1 -h r^ — 1 ; the answer will be 

nuedto 2nterms = — '-r ' 



l + rl- 1 f+fl- xrxrl{--l 

= 1 — ==r;: X — ■ ; which valuc is 

1+7)" i 

2xl-fTl — 2 



to 1 — -—^=rn X - (the value of the same an- 

nuity payable yearly supposing the yearly 

interest 



between the FaUut of Annu^iei,&c^ 31 1 

interest of £\ to be r) as ~ — r — to - , ^ 

agreeable to Mr. De Mowr^s deduction in his 
Treatise on Life-annuities, p. 125, 4th edit. 

^ In the same manner the value payable -tpiarterlj is 

I ^ ■ ■ X — .. - flntl th»MliMt paymhl^mn- 

1 + rl' 

meetly = 1 — — — ■ x — 

1 +r\* 1000, &c. X l+rl TffW, &c. — 1 
Consequently the value of an annuity certain, payable 
quarterly or momently, is to the same value, payable 



perbolic logarithm of 1 + r). Supposing, therefore, the 
interest to be ^per cent, the value of an annuity payable 
yearly must be tnvarialdy increased in the ratio of 1.0101, 
or 1.0152 or 1.019t46 to 1, according as it Is payable 
either half-yearly, quarterly, or momently. The differ- 
ence, however, between the vitlues of annuities payable 
yearly and at shorter intervals is known to be continually 
lessening iu proportion to the length of the term, till at 
last, when tlie term is extended to a perpetuity, those 
values become the same, whether the payments are made 
yearly or momently. But such an equality can neves 
take place according to Mr. De Moivre's rules ; nay, if the ; 
tenp be extended only to yO years, and interest be 6 per 
cent, an annui^ payable quarterly will be worth more 
thaq even the perpetuity when the payments are made 
ycarlv. This is so manifestly wrong as to render any 
furtliier argument uunecessaiy to expose the follacy of Mr. 
De MQivrt^i method of solution. ' M. 

Thii 



iSS J3mf4mf4^ firming OeD^^^ 

Jhis implying, in the case of annuities Bay- 
able half-yearly, a smaller interest than n^ 

the yearly interest (for 1 -h t[^ — 1 is less than 

-\ gives the di&rence between their vahie 

and the value of annuities payable yearly, 
greater than the truth. 

But Xq neturn to the investigation of &e 
theorems in the former part of this paper. 

Let us again call p the perpetuity, and y 
the value of an annuity certain for r years 
and payable yearly ; it is well known that 
the value of ^l payable yearly on a life 
wliose complement is n is (supposing ai| 

equal decrement of life) - n ^ T-.-= -f ■ ^"^ — r^ 

* »xl+rrxl -^^ 

•^rTrv=\p ^' continued to n temifi^ 

1 + r 

* nr ^ ^ 

Iff 

• Sec Mr. De Mewre^t Treatise on LMe-anntihicSi^ 
p. 99, 4th edition. Or his Doctrine of Chances^ p. Sltf 
4d edhion. Or Mr. Dodson's Mathematical Kepoehoryj^ 
Vbi. II. p. IS7. Or Mr. Simpson m Annuities and Re- 
T^rsions; p. 14. In consulting these writers^ care should 
be taken to remember, that they use r to denote the pin-^ 
dp9|l and interest of ^£"1 for a year : whereas it hath'heer^ 
RIOBt eoBvenient for me in fliese observations to mdce r 
stand only for the interest. In those writers, thereforCj^ 
T dgniiies the same with 1 + r in this paper; and r — 1 th^ I 
9il0iewitbr. 

It 



In Uke raanfteirrSttpposing money impit>¥ed 
at aA half-jearlj intcfTest equal to half the 

yeariy 



It is said above^ thitt the 7alue of iLA afifitdty p&yflbfa 
yearly on a life wKose complement is w, is + 



i> X 1 + r 

+ ' 'T &c» continued to n terms. 



n- 2_ ^ 

n X I -h r^* » X 1 V r] 

Hii^etjMss] 



n 



» X 1 + r nx fTr] 



1 + 



., fte. (sar 



(n). But 
1 



»XlHT»f axHTrl* Jixl + r| 

M^p. •!#.)' Mib) by fti^eoiteAi' ^ifffr ^il he <fc«iMf« 
^txated in the poMcript, and putting a for any given quan- 
tity, i + 4t + Arr&c. cdHtinued to n tertfls, = —^— _ 






ITU 



. Therefore, if 1 4- r Is. 



substituted for a, and v for — — i .,^&c sum (mut 

^ f X 1-+^- 

ti^Iiedby ■-)of n tenAs of the series — -- + > — ?— +^ 



or 



.1+71* «^ ^ 1 +rr 

Ltl X y + y - i. Therefore, the seriei I x "^4— -f 
fir ^ ' r « 1 -4- r. 



1 fri* 
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yearly interest, or to j, the value of the same 

iannuity payable half-yearly, is ^^ X ===? 

nx 1+4- 

2 



-i ., H ==r, &c continued to 



nxTT-^' TixlTH 



n n 



2«terms=i X „xi + |+«xH^'+nxi+!:|* 






&c. continued to 2n terms ~ix„xi+^ + 



1 + — ^^^=Jj> &c* continued to 2n 



n X 1 + - 1 
2' 



nx 1 +- 
2 

terms. But the^um of the first of these two 



series, or of 5r X — 7+ — 7is&c.(=7: 

^ nxl + ^ nxi-h-l ^ 



2 3 

-h — ---J &c. continued to n terms and siib- 



iTrl* 1 + rV 

1 11' 

tracted from the series 7--— + -r- ^ + , , &c.coii- 

1 + r r+T^* Hh^*' 

tinned to n terms ; that is, the value 6[ the life wiH be 

1 +r , 1 1 1 +r 1 +f 

^ nr ^ ^ r r jir ^ nr 

X y = y. 
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;c.) is h, see p. 249, &c. 



And the sum of the second series is the same 
with half the sum of the series — - x 



&C. (2n). But bj the 



theorem mentioned in the last note> the sum 
of B tenns of the series ^ + -r + -r j &c- i* 

— -^x-i-i-ix =~. Therefoni 
«-ir " « — 1 « — It 

if 1 + ^ is substituted for a, 2n for n, and 



A fori - 



'-'Tlr 



the sum of the ' second 



series (that ». of 5 X 5; X — -+ =5i+ 



^' 



7, &c. (2») will come out i + j+A — 



■r-^ X h + h — - : lliere- 



fore. 



2«0 'Okbfmtjw'fhding ffi» Df^iroiehp 
forc^the second series subtracted ftomthefiis^ 

leaves i - -^ x * = p - -^ X A = h, 

agreeably to the second theorem in p. 243. 
• By reasoning iii tfte sanfe way it thaf ha 

easily found, that q = ? — — ^ X q ; aind; 

M = p 3^ — X TO = p — — , agree- 

ably to ttie third and fourth theorems in 
jy. 343. . 

These theorenft, I Have said*, suppose that 
^n: anfiui&int is entitled to no paymt^nt for 
that year, half-year, #or quarter, in which 
he dtt^. Jf, on the contrary; he is ta \^ 
entitled when he dies, to suOh a part of the 
yearly, half-yearly, or quarterly payment as 
shall bear, the same proportioa to .the ssdd 
paymeiits' respecfivdy, as the intertAedl^t<^ 
timte between the last payment and his 
death bears to the whole year, half-year, 
or qtiar^; in this^ casc^ sup^sing: the an- 
nuity psrpble yearly, it is evident, 5,2nf:e 
there is the same chance for his dj^ing 
in one half of any year a^ in the other, 
tttOKt'^'e wtil' harve a^ expectflftion of batf a 
year s payment more than he Wouid be 
otherwise entitled to. But the value of 
. half ^1 to be paid at the de^th of a person 

whose 



beiweenthe Values of Annuities, &c: 2Sf 
whose coiriplement of life is n, is - X" 

continued to w terms (^) = -j^. 

J I • * - * 



In lik^. manner, a person who enjoys an 
annuity secured by land, payable half-yearly, 
will have an expectation of a quarter of a 
year s payment more than he could be other- 
wise entitled to ; t^e value of which , is. 

7" X h — -Tzir, -f- — r-T> &c. continued 

to 2» ^rriis 5=*—^;- By the same rea3Q(iing: it ; 

will appear, that -2. is the addition to be 

made to the value of an annuity payable 
quaf tedj> in, 'prdef^ t^ obtain its yii^ ^hen 
5ecufred by landj ^ ^ 



■■ '.■■'.•>• 



• » 



IN the ntite, p. 24'flr, thfe expression j— - " 
— — X ^-^Ti ^' givcti as the sum of n terms " 
of the series — + — + — + — , &c, to -—# 
and the expression =^ -* -^ X — r ;r 



t » 



' SMpageSM, tto. 
VOL. X^ S 



is given^ in p. 2fi39 as the sum of n 



a^I** 



terms of the scries. ^ 4. -j ^ IL + ^y &ic 

The following iny^stiga^Qi^ o^- M^^^ ikf^ 
terns being very easy, will not, perhaps, be 
unacceptable to those who have jstudi^-this 

subject , 

> 

r + :;3 + 71 + ::t , &c. -J. 



J 

1 . 1 . I 0L-. ._ 1 



Then A xa= l + i + i + ±,8cc,to^-^, 
and,:A X a - 1 + ^ « 7 +^ + i* &c. to 



1 






land A ;Ck :4r ^ A ( s» A K' • Ji'T>«= I. — i;; 

J 

Therefore, a « j~ - i x —^ , which is 
the first theorem. ^ " 



Therefoie, bx. a -r a X.ap ; + |l>f |p&k- 






■J 



T« 



:;j 



.J* ^» ^.-, ■'■.. »■« 
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To both sides of the last equation add — ^ , 
and it will appeat, thk 

« 1 2 3 4 A^ 

B X fl - A X a + -, = - + ^ + jr + i4f «c. 



to -; 4- -^ = B. 



Therefore, bx^ — B=:BXa — IsAXa— 



n 
a" 



Ax a 



-; and b = ; rri — i* 



'ir 



For A^ in this last equation, substitute its 



4.1 . t i. 



equal, or j— ^ "" ^ ^ j^, and the resulting 



I. 






n 



equation will be — ^ — — X -- — — -- X 
: r; = B, which is the second* theorem. 

When n' IS infinite/ all but tKc first 
terms in both these theorems vanish; and 

therefore. 



a— I 



is the sum of the series 



- + ~ + -J-, &c. continued infinitely ; and 



-s 



==rj is the sum of the series - + ^^ -|- —,&& 

continued infinitely. 

By a like deduction, putting 



I ^ 



.« 






02 



and 



26o Theorems for Jinding the Differences 

, 1,2x2x2,3x3x3, 4x4x4 « ^ 

and D = - 4 1 , i — ,&c. 

to — , it may be found that c = ~7~f 



And consequently, substituting the values of 
A and B, tliat 

_ «M-JJ _: ??! V — - _ ?^ y -J- . Q' + Q 



C 






"I 

And substituting the values of a, b, c, that 

since all but the first terms in these expres- 
sions vanish when.n is infinite^ that the sum 

14 9 

of the series - + r + "t ^ ^c- continued in- 
finitely is ^^r— ; and that the sum of the 

series ^ + ^ + aj + -^^ continued infinite- 

• 

These are all the theorems necessary for 
calculating the values of annuities on single 
livesj and on any two or three joint lives, 

upon 
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upon the hj'potliesis of an equal decrement 
of Jife. 

Supposing r the interest of ,^1 for a year, 

■1 1 

the sum of ;i terms of the series - — 4- - — - — 

+ -=^===7;, &c. is the present value of an an- 
nuity certain for n years; and p— + ^.^^^ 4. 

+ : -, (continued to n terms) is the 

present value of an annuity certain beginning 
with ^ 1 , and increasing to ^2 the second 
year, to ^3 the third year, &c. 

If this last' annuity is not an annuity cer- 
tain for a given term, but a life-annuity,' 
the value of it (supposing n the complement 
of the life, a the value of an annuity certain 
for n years, g the value of two equal joint 
lives whose common complement is n, p 
the perpetuity, and p the value of .3^ l to be 

received at the end of 71 years) will be a — Oi 
X w + npp — AP X 1 + r. 



EXAMPLES. 

Let the term heforty-one years^ and the rate 

of interest 4 per cent.' 

The value of an annuity of ^l certain 
for this term is ^20. , 

• The 
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The value of an annuity certain for the 
same tenrt, and beginning with ^1 at the 
end of the first year, but increasing to ^2 
at the' end of the secoiid year, to ^3 at the 
end of thfe third year> and so on till it be- 
comes ^4 1 at the end of the forty-first year, 
is (by the Second Theorem, puttipg l + r, 
or 1-04 for a) ^314 . . • lo*. 

The value of ran annuity increasing at this 
rate without end is ^65 o . 

If the annuity is a life-annuity which is 
to increase at tfie rate of ^1 every year 
during the Vhole possible continuance of a 
life whose complement is forty-one years (or 
whose age, according to Table VI. in the 
next volume, is forty-five), the present value 
of it will be, by the last theorem, ^135. 
But a much simpler rule for finding the 
values of annuities of this sort will be given 
in the following notes. See Note I; and 
also Mr. Morgan on Assurances, p. 119. 
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THE first four Tables in the nexVyolume 
Aimish with the nifeahs of determining ^sil/ 
the values and amounts of sums and aiinui-, 
ties for the most common katf-yeaxly as well- 
& yearly rates of interest; Mr. Smart:, in 
his" very useful and comprehensive Tables^t 
having given the haif-yea.r\y values and 
amounts improperly. 

It is veiy obvious, that the amount ai any^ 
given yearly interest of any ^ven annui^j 
payable ha^yesrly, is" the same with the^ 
amount of half that annuity at half the in- 
terest, and payable a double number of times,. 
The amount, for instance, at 4 per cent, of qni ' 
aimuty of ^lo payable yeor/y for 30 years, 
is; byTabTe IV. X'56o.849." 

If it is payable half-yearly, its amount wJIl 
be the same with the amount at 2 per cent. 
of an annuity of ^5 payable fur 6o years, 
which, by the same Table, is .3^570.257. 

: In like manner ; the amount at 5 per 

sent, fff an annuity of ^50 for 40 years, 
payable half-yearly, is .the same with the 
amount at 2.J. per cent, of an annuity of 
sB25 for 80 years, which appears to be 
£^6209.567. The amount at 5 per cent. 
. of 
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of the same annuity payable yearly, appears 
to be ^6039.988. 

Farther. The amount of ^10 princi- 
pal put out to yearly interest at 4 per cent 
and forborne for 30 years, is (by Table III.) 
^32.433. But if it is put out to 4 per cent. 
haJf-yearly interest, its amount will be the 
sa^me with the amount of the same prin- 
cipal, bearing half the interest in double the 
time ; that is, it will, in the present instance, 
be the same with the amount of ^10, bear- 
ing 2 per cent, interest in 60 years, which, 
by the Table last mentioned, appears to be 

^32.&10. 

These amounts can be thus determined 
from these Tables only, when the term for 
which they are wanted does not exceed 5o 
years, or 100 /m/f years. 

In order to tind them for any longer 
term, the following method must be taken : 

^' if the amount required is the amount 
" not of an annuity , but of a sum — find first 
" the half-yearly amount for 50 years; after 
*' which find the half-yearly amount of that 
*' amount for the remainder of the term, and 
" this last will be the amoimt desired.** 



EXAMPLE. 

• • ■ 

Let the amount be required, at 4 per cent. 
of ^fo in 80 years, supposing the interest 
payable half-yearly. 

Ans. 



i 



Postscript. 265 

•Ans. "Hie amount in 50 years, deter- 
mined in the manner just described, is 
72.446; and the amount of 72.446 in 30 
years, determined in the same way, is 
237.676, which is the amount required. 

This amount, supposing the interest pay- 
able yearly, is dS230.o^Q. 

But if the amount required is the amount 
of an annuity improved at any given rate 
of compound interest payable half-yearly, 
it will be necessary, after finding the sum 
which is the amount for 50 years, to find 
the yearly interest that sum will carry at the 
given rate; and the amount for the remainder 
of the term, of this interest increased by the 
annuity, added to the amount for So years. 
Will be the amount required. 



Let the amount be required, at 4 per cent. 
of sBio per anil, in 80 years, supposing the 
annuity payable half-ytaiAy. 

Ans. The amount in 50 years (being the 
same with the amount of £5 per ann. in 
J 00 years, at 3 per cent.) is, by Table IV. 

^1361.116. The yearly interest of 

£ \ 561 .116, at 4 per cent, is ^£62.446, which 
increased by ^lo makes 3872.446; and the 
amount of 5672.446 per ann. payable half- 
yearly in S6- years (or of a£36.223 in 60 
half years) is 3£462o.g6, which added to 
• 5^1*61. 116, 
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^1561.116, makes ^6182.076 the amount 
required. 

This amount, supposing the annuity pay- 
able yearly, is ^5982.665. 

N. B. These amounts for any given term 
and rate of interest are the same with the 
dehts bearing that interest, which will be 
gradually sunk in that term by any given an- 
nuity appropriated to the redemption of the' 
debt. — ^It appears^ therefore, from the last' 
example, that a sinking fund of a million 
perumt. never diverted would pay oflj in 8i 
years, a public debt of 598 millions, bearing' 
4 per' cent, interest, supposing it applied to; 
that purpose yertr/^; but that if applied half- 
. yearly, it would pay off, in the sa'me- time^ 
a debt of 6 1 8 millions^. 

. These examples shew the method of find- 
ing, by the abovementioned Tables, the values 
at any rate of interest of annuities payable for 
any given terms, supposing, them payable 
haif-yeaTly ; and likewise the values of any 
sums payable at the end of any terms, . sup* 
posing a half-yeatly instead of a yearly dis* 
count allowed,' But in such cases^ these 
Tables will be of no use, if the terms ex* 
cced 50 years, or loo haff-yeais; and it 
will be necessary to have recourse to the 
theorems at the beginning of the preceding- r 
chapter, by which, with the help of lo- 
garithms, it is easy, in all cases, to compute 
tiK difference between the values of annui- 
ties 
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ties (including ^j/e-annuities) as th^y ar* 
payable yearly, half-yearly, or quarterly. 

With respect to life-annuities, it may be 
proper to observe here particularly, that 
their values deduced from the complements^ 
that is, from twice the expectations according 
to any given table of mortality (by the rules 
in p. 321, and p. 223), and payable half- 
yearly or quarterly, is the same with the 
Talues of half or a quarter the annwties 
at Aa|f or a quarter the yearly interest* de- 
duced . (by the same rules) from double^ ox 
quadruple the complements : and that the 
difference between the yearly values and- 
these half-yea.r]y or quarterly values added 
to the true yearly values accor.ding, to the 
same table of mortality, will give, with almost 
perfect correctness, the Aai/-yearly or quar- 
terly values according to ftwt table. 



EXAMPLE. 

Let the different values be required of an, 
annuity on a single life agA 50, according as 
it is payable half-yearly or quarterly, reckon- 
ing interest at 4 per cent, and the. probabi- 
lities of the duration of life, as tliey are in 
Table XLV. Vol H. 

Ans. The complement (that is, twice the 
ej^ectatitvi) by Tabl^Xj^V. of a hfp aged ^o 
iBta6«9a. ■ T he value of aq annuity pay- 
able 



"% 
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able yearly on a life at this age deduced at 
4 per cent, from this complement^ is by the 
rule in j^. 221, 11.533. ^The value de- 
duced from double this complement (that b,of 
a life whose complement is supposed 73.84) 
at 2 per cent is 23.466% the half of which 

is 



^ In computing in this case, by the j\i\e here re- 
ferred to, it is necessary to find the value at 2 per cent, 
of an annuity certain payable for 73.84 years. This 
value (by the First Theorem in the preceding Chapter) 

U 50 — ■ 'j ^ 84. By logarithms it is easy to find 

.02 X IM\ 

that ixS^)^'" IS 4.3154; and, consequently, that this 
expression is 38.416, which multiplied, according to the 
rule in p. 221, by 51 (the perpetuity increased by unity )^ 
and the product dividea by 73. 8i will give 36.533, which 
quotient subtracted from 50^, (the perpetuity) leaves 
23.466. 

In like manner; the value, by the same theorem, at 
1 per cent, of an annuity certain for a number of years 
equal to four times the complement (that is, to 147.68 

years) is 100 ——, 47 68> which is equal to 76.994; 

.01 X l.Oii 

and the product of 76.994 into 101, divided by I47.68, , 
gives 52.654, which, subtracted from 100, leaves 47.345, 
the quarter of which is L|.836. 

It is necessary to aoa here, that in computing the 
yearly value of any life-annuity from the expectation by 
the rule in p. 221, the value of an annuity certain for a 
number of years equal to twice tlie expectation (or the 
complem^n^ may l^ always taken from Table II. Vol. 11^ 
when the complement is any whole number jof years : and 
also^ that when it is not any whole number of years,, it 
may be taken for the correspondent aritlimetical mean 
between the two nearest yearly values in the Table. * 
Thus ; in the example giveo above, the value at .4 per^" 
cent, of an annuity certain for 36 years, by Table II. 
* • is 



# ■ 
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is J 1 .7.33. The difference is- .200. And 

this difference, added to 11.&58 (the true 
value by Table XLVII. of an annuity payable 
yearly on the supposed life), makes 11.858;' 
which is the true value of the annuity payable 
half-yearly. 

The value of the same annuity deduced 
fby the rule in p. 221) from qucuiruple the 
complement at 1 per cent. ; that is, the value 
at 1 per cent, of a life whose coiliplemeht 
is supposed to be 147.68 years, is 47.345, 
the quarter of which is 11.836. The dif- 
ference between this value and 11.533 is 
.303, which added as before to 11.658, makes 
11.961, the true value of the annuity pay- 
able quarterly. 

In the same way the values are to be com- 
puted (by the second rule in p. 223) of an- 
nuities j)ayable half-yearly or quarterly on 
any two joint lives. 
.If the annuity is a life-annuity^ secured 



u 18.908. The value for 3? years is 19.142. Tlie 
diilerence is .234 ; and this difference multiplied by .92 
(the fractional part of the complement) and added to the 
least of these two values, gives 19.123 for the value of ao 
annuity certain for AG32 years. 

The exact value by the first Theorem is 25 — 

I which is equal to 19.123, and the same 

with the former value. 

' It should be remembered, that all the values of life- 
•nniutiea ia the Tablti in the next volume suppose that, 

wbca 
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on land, the value is to be computed by the 

directions in the preceding chapter, 

If such an annuity is payable half-yearly, aa 
is most common, its value, in the present 
instance, will be 11.858 (the half-yearly 
value just determined) increased by the quo- 
tient of 1 9.206 (the value of an annuity cer-. 
tain and payable half-yearly for a number of 
half years, equal to four times the expectation 
or twice ike complement \ that is, 73.84) di- 
vided by four times the complement. This 
quotient is .130; and the value, therefor^ 
is 11.989. 

The following comparison will shew, ip^ 
some measure, what adcKtions should be 
made, at all ages, to the yearly values of life- 
annuities, on account of these difierent modes 
of payment. 



• ff 



when the annuitant dies, nothing can be clniniedi.&>r tjie 
time that has past since the last payment became dui^ 
If a'payment proportioned to that time may be claimed ; 
that is, if the annuity is payable to the last moment of life, 
it is called an annuity secured on land. 



TABU 



Postteript. ayi 

TABLE 
Shewing the Additions to the Values of Life- 
Annuities on account of their heing pay- 
able half-yearly, or quarterly y or half-yearly 
and secured on Land. 

Interest 4 per cent. 



Value )iKu.tLice> 
red by lind aboTe 
andptysble ycarl< 
bolf-ycarly, value! 



Yearij 

IVible 
XLVII. 



Eaceti 



ie.8gi 19.018 
17.603 17.746 
16.006 16.1 



14.034 
11.658 
8.789 
5.783 
4.934 



.127 
.143 



14.216 

11.858 
9.014 
6.019 

4.770 .m6 
Interest 



19.O89 
17.819 
16.249 

14.307 
11.961 
9.119 
6.136 
4.892 



198 
.216 
.243 
.273 
300 
330 
353 
35; 



19.085 
17.824 
16.259. 
14.324 
U.9S9 
9.170 
6.204 
4.967 



194 
.221 
.253 
.290 
,331 
.381 
.421 
.433 



l6.i6g 

I5.2fo 
14.080 
12.558 
10.634 
8.184 
5.494 
4.345 



i#.278 
I ^$,383 
14.223 
12.720 
lp.320 

8.403 
.5.719 

4.575 



109 
li-lW 
143 
.162 
,186 
.219 
.226 
.230 



5 per cent. 
16.331 

16.445 
14.293 
12.801 
10.914 

S.498 

5.835 

4.692 



;l62 

.18 

213 

,243 

.280 

,314 

,341 

.347 



16.332 
15..M7 
14.299 
12.812 
10.933 
8.544 
5.891 
4.762 



163 
.187 
.219 

•»«4 
,299 
,366 
.397 
.417 



These excesses are the same from what- 
ewt taUes, of 'mortality the yearly values are 

dedjiced. ^They are also nearly the same 

(tui^)osing equal yearly values) whether the 
yearly values are the values of single^ or of' 
j<^tlhe<, orofuiynumher of lives. 

CHAPtBR 
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CHAPTER VL 



Of Public Credit, and the National 

Debt. 

Jl he National Debt is a subject in wbicb 
the public is deeply interested. Some ob- 
SCTvations have occurred to me upon it, 
which I think important ; and fpr this rea- . 
son, though foreign to my chief purpose in 
this work, I shall beg leave to offer them to 
public attention. 

The practice of raising the necessary sup- .; 
plies for every national service, by borrowing; 
money on interest, to be continued till the 
principal is discharged, must be in the high- 
est degree detrimental to a kingdoip, unless 
a plan is settled for putting its debts into 
a regular and certain course of payinenjt«.r 
When this is not done, a kingdom, by sudk, 
a practice, obliges itself to return, for everjT 
sum it borrows infinitely greater sums ; and, . 
for the sake of a present advantage, subjects i 
itself to a burden which must be always 
growing heavier and heavier, till it becomes 
insupportable. 

This seems to be now the veiy state of 

1 this 
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this nation. At the REVoLnrioN, an aera 
in other respects truly glorious, the practice 
I have mentioned begun. Ever since, the 
public debt has been increasing fast, and 
every new war has added much more to it 
than was taken from it during the preceding 
period of peace. In the year l/oo, it was 
16 milliQns. In 1715, it was &5 millions. 
A peace, which continued till 17^0, sunk 
it to 46 millions; but the succeeding war 
increased it to .78 millions; and the next 
peace sunk it no lower. than. 75 milUons. 
In the last .WAT it rose to 146 millions and 
a half. Inuring a peace which has lasted 
now 10 years, it has been reduced to 13B 
millions: and at a sum not much less 
.than this, it will, perhaps, be found at the 
commencement of another war, which may 
possibly raise it •to 200 millions*. — One 
cannot reflect on this without terror.-^No 
resources can be sufficient to support a king- 
'.dom long in .such a course. Tis obvious, 
that the cposequence of accumulating debts 

• ■ > It should be renicmberecl tliat this n-ns written jn 
■.1773.— Ill 1774 and !i'75, two miUifms of the capital of 
4ht^ 3 p^ csiil. annuiticji were jiaicj oW, which reduced the 
capital of the public dchi, to 136 iniltioiis; fin;.' at t!ii» sum, 
'jat&rly, (supposing the lon^ Riiiiuity then tvorth ^7 years 
^purchase) it stood at the beginningof the American war.(*) 
■ J ■ C^) The additions which have been nmdc to the public 
^(Itbt by the Amenciin, and ih; hue war, together with its 
'whole amount at the le^'uin'-ng uftUt present war in 1802, 
'^liiay he learnt from the sccoiint at ihe end of this Cliapter. 
LWliatthe amouDt may beat the cvnclmion of tbia war'itis 
:,t)eitlier easy dot agreeiUile to conjecture. M. 

^ .TOfc. I. T so 
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so rapidly, and of mortgaging posteri^, and 
funding for eternity, in order to pay the 
interest of them, must, in the end, prove 
destructive. Rather than go on in this way, 
it is absolutely necessary, that no money 
sl^ould be borrowed, except on annuities, 
which are to terminate within a given pe* 
liod Were this practised, there would be 
a LiMrr beyond which the national debts 
could not increase; and time would do that 
necessarily for the public, which, if trusted 
to the economy of the conductors of its 
afiairs might possibly never be done. 

This, therefore, is 6ne of the proposals tik 
which on this occasion, I wish I could eh- 
gage attention. I am sensible, indeed, that 
the present burdens of the state would, in 
this case, be increased, in consequence of 
the greater present inteiftst which would be 
necessary to be given for money : but I do 
not consider this as an objection of any 
weight For let the annuity be an annuiQr 
for 100 years. Such an annuity is, to the 
present views of men, nearly the same vrith 
an annuity for ever ; and it is also nearly the 
same in calculation, its value at 4 per cent 
being 24^ years purchase, and therefor^ only 
half a year s purchase less than the value m 
a perpetuity. Supposing, therefore, the pub- 
lic able to borrow money at 4 per cent, on 
annuities for ever, it ought not to give above 
1*. 7d. per cent, more for money borrowed 
on annuities for lOO years: But should it be 

obliged 

4 
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obliged to give a quarter, or even a half per 
cent, more*, the additional burdens derived 
trom hence, would not be such as could be 
very sensibly felt; and the advantages arising 
from the necessaiy annihilation of the public 
debts by time, would abundantly overbalance 
them. 

These advantages would be, indeed, un- 
speakably great. By such a method of raising 
money, the expence of one war would, ia 
time, come to be always discharged before 
a new war commenced ; and it would be 
impossible that a state should ever have upon 
it, at any one time, the expence of many 
wars; or any larger debts than could be con- - 
traded within the limited period of the an- 
nuities; and consequently, it would enjoy the 
invaluable privilege of beingrendered, in some 
degree, independent of the management of its 
finances by ignorant or unfaithfid servants. 

I must add, that it is by no means neces- 
sary, that the limited period of the annuities 
should be so long as I have mentioned, or 

^ The anouities might be kept 18 years without being 
much (Hminished in rtlue; for, supposing interest at 4 
pvr cent, aa iDnnity for 82 yean, u, within a 49th 
part, or jf 2 in j6^ worth at much as an annuity for 
100 yean. 

Perlupa, in this Way of railing money, it miglit be best 
to oflt-T ■ higher interest at tlrtt, which sliould lull tu a 
lower, at the cod of given intervals. Thus, though 4i for 
100 ye^ it equl in stluc to 5 per ttnt, for 17 yean, and 
after that 4 pr-cmi. far ^yesn, jtt the latter might ap< 
pfar more inviting. 

T2 100 
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100 years; and that, at any time before the 
expiration of this period, the public might 
employ any surplus monies, in extinguishing 
part of the annuities, by purchasing them for 
itself at the market price; and thus it might 
aid the operations of time, and keep its debts 
within any bounds that its interest rendered 
necessary. Our government has, 1 know, in 
some instances adopted the plan now pro- 
posed ; but it is to be wished that, instead of 
retracting * it, as was once done, it had been 
carried much further. 

I am, however, far from intending to re- 
commend this plan as the best a state can 
pursue. There is another method of gaining 
the same end, which is, on many accounts 
preferable to it. I mean, ** by providing an 
^' annual saving, to be applied invariably, 
*' together with the interest of all the sums 
" redeemed by it, to the purpose of dis- 
" charging the public debts: Or, in other 
'' words, by the establishment of a permanent 

*' SIKKING FUND." ' 

It is well known, that this plan has been 
also adopted by our government ; but, though 
capable of producing the greatest efiects in 
the easiest and surest manner, it has never 
been carried into execution. It will abund- 

f 

^ In the year 1720, the nation was put to the eqicnce 
of above three millions, in order to reduce several long 
and short annuities then subsisting to redeemable per- 

antlj 
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amtljr appear^ ^m what follows^ that tibdi 
observation is just 

Suppose the annual saving to be ^100,000. 
This sum, applied now to dischaige an equal 
debt, bearing interest at 4 per cewf • will trans* 
fer to the public, from its creditors, an aiv* 
nuity of ^4000. The annual saving, there- 
fore, would be increased to ^104,000 ; and 
this saving would transfer to the public ano* 
ther annuity of ^4, 160, and make the saving 
at the beginning of the 2d year, to be 
^108,160. — ^Thus, the original fund would 
go on increasing, at the $ame rate with money 
improved at 4 per ce7it: compound interest.— 
At the beginning of the 3d year it would be 
^1 12,486. At the beginning of the iSthyear^ 
.§€202,5 81. Of the 36th year, ^410,393, 
and of the 95 th year, ^4,151,138. — ^In 94 
years, then, the nation might be eased of 
libove 4 millions per qinnum in taxes ; and 
above 100 millions of its debts would be 
(discharged, gradually and insensibly, at no 
greater expence than ^100,000 per annum ; 
and without interfering with any^of the re- 
sources of government; or making any other 
difierence, than causingy^^W^ to be engaged 
for a course of time to the public, which 
would l^ve been otherwise necessarily en- 
gaged to its creditors^ and which, thereforci 
must have been entirely useless to it. 

It is an observation that deserves particular 

attention here, that on this plan^ it will be 

of 
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of less importance to a state what interest it 
is obliged to give for money : For the higher 
the interest, the sooner will such a fund pay 
off the principal. Thus ; a hundred millions 
borrowed at 8 per cent, and bearing an an- 
nual interest of eight millions, would be paid 
off by a fund, producing annually ^ 1 00,000 
in 56 years ; that is, in 38 years less time 
than if the same money had been borrowed 
at 4 per cent^ 



^ What it here taid, suppoMs the same fiind 9\ ^ 
to the discham of debts oeariog diffiireni interests. If 
different fiin£ are applied, bearing to one another the 
same proportion with the interests of the debts which 
they are to dishaige, the benefit derived from borrow- 
log on bwer rather than higher interests, will be reduced 
to almost nothing ; for the disbursements of the public on 
account of all equal loans, will, in tUs case, be nearly 
the same. 

The following example will explain and demoDstrate 
tbh; 

Let a million be borrowed at 3 per cent, and let a fond 
be charged with it, bringing in six shillings per cent, ter aoL 
more than the bterest ; or ^3S,000 instead of i^0|000 
per arm. This surplus j unalienably applied, together widi 
all the interests disengaged by it, will annihilate the pria* 
cipal in 81 years, as may be gathered from Table Iv. in 
the next volume. And the dbbursements, on account 
of the loan, will be 91 multiplied by jf 33,000; that is, 
jf 2,673,000. Let us suppose again, a million borrowed 
at 6 per cent, and let a fund be charged with it» pro- 
ducing a surplus of twelve shillings per cent, per ann.; such 
a fund, besides paying the interest, will dischaige the 
principal in 41 years; and the disbursements, on account 
of the loan, will be jf 66,000 multiplied by 41 ; that is, 
^2,706,000, or nearly the same with the disbunements 
01) account of an equal loan at 3 per cent. 

It 
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It follows from hence, that reductions of 
interest would on this plan> be no great ad- 
vantage to a state. They would, indeed, 
lighten its present burdens -, but this advan- 
tage would be, in some measure, balanced 
hy the addition which would be made to its 
Jiiiure burdens, in consequence of the longer 
time during which it would be necessary to 
bear them. — I mean this on the supposition, 
that the savings produced by reductions of 
interest, are immediately applied to the re- 
lief of the state, by annihilating taxes equi- 
valent to them. But if that is not the case ; 
and if^ likewise, there is either no plan esta- 
blished for putting the public debts into a 
(»rtain course of payment, or it is not ikith- 
fully carried into execution ; in these circum- 
stances, reductions of interest may prove 
hurtful. For, first. They would only fur- 
nish funds for contracting further debts, and 
with more money for supplying the defi- 
ciencies arising from profusion and bad mar 
nagement. And, secondly, As, in such cir- 
cumstances, they would only retard, and not 
prevent the increase of the burdens occasion- 
ed by the public debts, a period would 
come when the a^rs of the state would 
get near to a crisis ; and at such a period, its 
danger would be increased, in proportion to 
the reductions of interest that had been made. 

In order to understand this ; let us suppose 
that a debt, bearing an annual interest of five 
millions, is the whole debt which a state 
can bear without bong so mudi oppressed as 

to 
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to be near sinking. Let it, however, be sup- 
posed to hiave still some last resources left, 
which may enable it to bear, for 33 years to 
come, this load, together with every addi- 
tional load, which, during this tirtie, may be 
heccssary to be thrown lipon it. — -Let it fur- 
ther be supposed, that at this time, the state 
tirged by the fear of an approaching bank- 
ruptcy, resolves upon entering into some 

effectual measure for preserving itself. • 

Certain it is, that in such circumstances, no 
measure so effectual can be pursued, as the 
establishment of a shhivgfundj and such a 
faithful application of it as I have explained. 
Let that then be tlie measure entered upon ; 
and let the state be supposed capable of pro^ 
viding a fund, producing a million annually. 
If all the debts bear interest at 6 per cent. 
this fund would pay off three-fifths of them, 
within the time 1 have mentioned; or, in 23 
years; and the state might be saved. But 
if, in consequence of reductions, they bear 
interest at no more than '3 per cent, the same 
fund would not give the same relief, in less 
than double that time ; and therefore, a bank- 
ruptcy might prove unavoidable'. 

I wish 1 could think, that there is nothing 
in this representation, that can be applied to 
the present state of this nation. The interest 
of the public debts has been reduced, at dif- 

^ It should not be foi^otten, that the operation of such 
a scheme would raise the 3 per cent, debts nearly to par^ 
and render the discharge of diexn at ^ discpuiit impracti- 
cal 

fercnt 
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ferent periods, from 6 to 5, from 6 to 4, and 
from -4 to 3 per cent. ; but still they have 
grown VFilh rapidity; and we now see our- 
selves overloaded, and in no way ot" gain- 
ing relief. Had there been no reductions of 
iiiterest, we should, indeed, have been in the 
same condition sooner ; but, we might have 
been relieved also sooner, and with less dif- 
ficulty and danger. 

In short. Reductions of interest are ad- 
vantageous chiefly when made to gain adi- 
ditions to sueh a sinking fund as i have de» 
scribed. — M'"hen made with other views, they 
are only paliiatives, which ^ve present relief 
by increasing ^rtiure danger; or expeiUtntt 
vfKich postpone a public bankruptcy, by ren- 
dering it a calamity more unaooidabte and 
dreadftd. As managed therefore among us> 
they have been indeed the effects of too 
narrow a policy, and deserve none of the 
encomiums which have been bestowed upon 
them. The preceding observations prove 
this sufficiently; but there is one farther 
proof of it which I cannot help mentioning! 
Suppose ^^200,000 per annum to have been 
gained in 1716, by the reduction which was 
then made of the 6 per cents, to 5 per cents.^ 
or, in other words, by saving 1 per cent, per 
annum on a capital of 20 millions, lliis 
saving, in consequence of being applied un- 
alienably in the munner 1 have represented, 
to the payAMnt of the public ddsta^ would, 
in 37 yea^, have dischaiged a debt <k 
«£20«82fi,ooo, beiuing 5 per cent, mtct^i. 

But 
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But if applied every year to current serrices, 
in order to avoid levying^ new taxes, the bene- 
fit derived from it in the same period would 
be 37 times ^200,000, or ^7,400,ooo; 
but at the same time, a debt would have 
been continued of 20 millions, which must 
have been otherwise paid. The effect, there- 
fore, in this case, of the reduction, would 
be to prevent an incumbrance on the public 
of ^200,000 per ann. by leaving upon it an 
incumbrance of a million per ann. rendered 
more difficult and unlikely than ever to be 
removed"*. 

But 

^ There is an inconvenience arising from reductions of 
interest, which I did not attend to when this Chapter was 
composed, but which is greater than any here mentioned. 
They have given rise to the extra>'agant dmiceurs or pre* 
mktms which have been annexed to our public loans, by 
causing the lenders of money to consider whatever interest 
could be oflfered above 3 per cent, as no more than a short 
mmuity. — Had there been no reduction of interest be- 
fore the war wliich begun in 17^5, the price of theybur 
per cent, stocks would have been during the whole war 
either above par or not much below it, and government 
might have borrowed at this or a lower interest without 
premiums. But the reduction which had just taken place 
of 56 millions to an interest of 3 per cent, made it una- 
vmdable for monied men to consider this stock as only a 
8 per cent, stock with £\ per ann. added till peace was 
established; and this made it necessary for government, 
dther to promise interest extravagantly higl^ or to ofier 
long, or short, or life-annuities, or additional capitals, as 
reimds for lending money at 3 per cent. The last me- 
thod has constantly been adopted; and in consequence 
of i^ the public has been put to an enormous expence, 
which the avoiding of reductions and a little mani^gement 
would have rendered entirely unnecessaiy. 

I have endcftvouitd to exghin this in tlie aeoond TWt 
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But to return to the subject I have prind« 
pally in view; 

What I have said implies, that a state al- 
M^ays discharges its debts, whatever interest 
they bear, by paying the original sum bor- 
rowed. It may, perhaps, be imagined, that 
when a loan is under par, it may be discharg* 
ed at a less expence* But this is by no means 
so practicable as it may seem; for it should 
be considered, that a public loan, now under 
par, would not long keep so, after being put 
into a course of payments : And for this rca^ 
son, as a state can never be obliged, in re- 
deeming its debts, to pay more than the ori- 
ginal Sum borrowed, so neither ought it to 

on Civil Liberty. Part II. Sect. III. and particularly is 
the Supplement to that Tract, where regulations are 
proposed for raising the value of stocks bluing higher 
interest than d per cent, in order to avoid the necessity 
of oifering high premiums and creating artificial debts*— ^ 
The following example will shew what occasion there is 
for some such regulations.— ——The S per cent, stocks were 
(Oct. 25th, 1781,) at 55| ; and the price of the 4 /Mr 
cent, stocks, which, in order to bear a proportionable 
price, ought to have been T^h ^^ (deducting a fort- 
night's interest) 70^. One per cent, added to make ^five 
per cent, stock, would have been still more undervalued | 
and such a stock, even with the advantage of being de^ 
clared irredeemable for 1 5 or 20 years, would not pro- 
bably have sold for more than ^82, or ^83. Had, there- 
fore government attempted to borrow by offering 5 per 
cent, it could not have succeeded without giving a pre^ 
mium of near j£'20 for every jt^XQO advancS^. But, by 
such regulations as those proposed in the Supplement to 
which I liave just referred, it would, I imagine, havi^ 
become practicable to borrow at interests corresponding 
nearly to tb^ prices of tbe 3 per cents, without premiums. 

expect^ 
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expect^ in general, to be able to redeem 
by paying less. I have said, in general ; for 
I am sensible that, at the beginning of the 
operations of a fund, when its produce . is 
gmall, and also in a time of war, a state 
might derive great advantages from the lovsr 
price of its debts. And I am sensible also, 
that considerable advantages might be de- 
rived from lotteries, in paying the public 
debts : But lotteries do great mischief in a 
state, by fostering the destructive spirit of 
gaming. It is wretched policy to make 
them familiar, by recurring to them in the 
ordinary course of government. There are 
great occasions on which they may be ne- 
cessary, and for such occasions they should 
be reserved. 

. The advantages of putting the public 
debts into such a course of payment as I 
have described, are scarcely to be imagin- 
ed. It would give a vigour to public cre- 
dit, which would enable a state always to 
borrow money easily, and on the best terms. 
And the encouragement to lenders might 
be always improved, without any inconve- 
^nience, by making eytTy loan irredeemable, 
during the first 20 or 30 years ; for, there 
could seldom be any occasion for beginning 
to discharge any one loan sooner. 

It might be easily shewn ; that the faithful 
application, from the bejginning of the year 
i 700, of only ^200,000 annually, would long 
before 1790, not withstandiog the reductions 
. . 5 of 
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of interest, have paid off abm'e" a hundred 
millions of the public debts. The natiob 
might, therefore, some years ago, have been 
eased of a great part of the taxes vnth which 
it is loaded. The most important reli^ 
might have been given to its trade and ma.- 
nu^ctnres; and it might now have been in 
better circumstances than at the beginning 
of the last war ; its credit £rm ; respected by 
foreign nations, and dreaded by its enemies. 
A new account might also some years ^d 
have been begun ; and another iiind, not 
much more considerable, applied in the sanfe 
way, would, in a short course of years, have 
paid all that would have been now unpakt 
of our debts. And thus, without any ei- 
' pence that could be sensibly felt, its debts, 
as soon as they began to grow heavy, might 
have been constantly reduced to 3. half , or a 
third; and not only all danger, but all con- 
siderable inconvenience from them prevenleil. 
All 1 have now said, supposes a single fiortd 
with a general appropriation to the payment 
of the public debts. The same ends might 
be answered by particular fundsj with small 
surpluses, appropriated to particular debds. 
Inthewarsof Ring /f^i/Ziam and Queen /^n«i^ 
an interest of six, and sometimes seven and 
eight per cent, was given for loans. It would 
have been easy to have annexed to each loan 
9ifund producing a surplus of s8l per cent. 
after paying the interest ; and such a surplus 
would have been sufficient to annihilate the 
principBl 



28a OfTtiblk Credit, 

principal of every loan in 38 years. Had 
this plan been followed^ the disengagement 
of the public funds, and the relief attend- 
ing it would have begun 6o years ago ; and 
the debts contracted, during the reigns of 
King IFilliam and Queen Anne, would have 
been all cancelled near 30 years ago, without 
any of that trouble, tumult, and distress, 
which have been occasioned by reductions of 
interest, and by the various schemes which 
have bron tried for lessening the debts ^. — 
A fund, yielding £l per cent, surplus, an- 
nexed to a loan of 5 per cent, would dis- 
charge the principal in 37 years ^ At 4 per 
cent, in 4 1 years. At 3 per cent, in 4/ years. 
These observations relate only to what 

. might have been the state of the nation w^ith 
respect to its debts, had a right plan been 
pursued from the first. But it will be asked. 
What can be done with them as they aref 
I wish I was able to give a more satisfactory 

. answer to this enquiry. Every one must see 

^ The sums to be laid out would, in this case, be so 
imall at first« that it would be proper to employ them iit 
purchasing part of the loan to be annihilated at the pricfs 
tn the public market ; and this, as far as it can be car- 
ried, is the most easy and quiet and silent way possible of 
extinguishing the public debts. 

^ I have all along supposed the produce of the public 
• funds to come in jrearly. The truth is, that it comes 
' in Aa//*-year1y ; but this gives no advantage in the pay- 
ment of the public debts worth taking into account, jrl 
per annum, together with its growing interests, at 4 per 
cent, taken yearly out of j^lOO, will reduce it to nothmg 
in 41 years; if taken half-yexAsy it will annihilate the 
tame qapital only four months and 12 days tooaer. 

our 
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our prospect to be discouraging and our state 
hazardous. Some have thought, that a good 
method might be found out of discharging 
the national debt, by short annuities, and life- 
annuities. The following observations will 
shew how groundless an imagination this is. 

Short annuities and life-annuities hare been 
alwajs undervalued by the public; and 
w«% they o^red to sale to such an amount 
as would be necessary to make any consider- 
able reduction in the national debt, they 
would probably fell to a very low price. 
Let the three per cent, stocks be supposed 
at 86.^100 of this stock would not be 
given up for a life-annuity less than dBQ, or a 
short annuity fqr a less term than 30 years ; 
for this is valuing thcm at I4|yeargpurcba8ey 
and life-annuities in particular have never yet 
been disposed of at so high a price. — In or- 
der, therefore, to discharge in this way a ca- 
pital in the 3 per cent, annuiti^ of 33 millions 
and a third (the interest of which is a mil- 
lion per ann.) it would be necessary to pro- 
vide a surplus producing another million per 
ann. for 3o years. But this surplus, em- 
ployed during the same time as a sinkii^ 
fund, would redeem 47 millions and a half 
at par, and 5 1 millions and a half at X86 
in fflOftey tor every 5^1 oo ttock. It would, 
therefore, be great folly to employ such a sur- 
plus in the former way rather than the latter. 

But I will b^ leave to detain the reader 

here a little longer ^The obserrations now 

made may be of use in shewing what the 

best 
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best method is of incurivig debts as well as 
redeeming them. 

Suppose a million raisqd hy annuities on a. 
set of lives, all at 30 years -of age. The 
purchasers of such annuities cannot rea- 
sonably be reckoned to have fn. expectation 
of less than 30 years. That is ; the dura- 
.tion of their hves, taking, them one with 
another, will be 3o years ; and they will be 
entitled, supposing interest,at 4 per cent, to 
^7 p^r ann. for every <3^loo advanced. For a 
million then, the public would make 30 pay- 
ments of j£7o,ooo. — Let us suppose next, that 
a fua4 producing this sum annually, instead 
.of being engaged to pay, these life-annuities, 
. is engaged for 30 years, to pay the principal 
. and interest of a million, ^borrowed on re- 
deemable perpetuities, at 4 per cent. There 
. will,, at. the end of the first year, be a sur- 
plus of ^30,000. — In consequence of ap- 
plying this to the extiiiction of the principal, 
-it will be reduced to ^'970,000, on which, 
at the end of the second year, the interest due 
will be ^'38,800. There will, therefore, be 
a saying of ^1200. Instead of employbg 
-this saving in further sinking the prificipal^ 
'which would cause the fund to accumulate 
in the same manner with money at Gom- 
, pound interest, let it be taken and employed 
- in any other way : And let the same be done 
mth all the subsequent savings, reserving 
only <3(S3 0,000 annually, for the purpose of 
■sinking the principal. At the.end of the sc- 
; cond year, the principal will be iS^940^oo; 
: • " and 
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and the saving of interest upon it, at the end 
of the third year, jg2400. At the end of 
the 30th year, the principal will be reduced 
to ^100,000. The saving of interest that 
year will be, ^^12oo multiplied by 2g, or 
^^34,800, and the sum of all the savings will 
be ^522,000. Deduct from hence ^100,000 
remaiaing then undischarged of the princi- 
pal ; and ^422,000 will be the loss the 
public would sustain in the circumstances I 
bare supposed, by raising money on life^an- 
nuities. But if we suppose the savings, as 
they arise, as well as the constant sum of 
j^3 0,000, to be applied to the discharge of 
the principal, instead of being spent on cur- 
rent services; the whole million will be an- 
nihilated in 21 years and a half ; and the 
loss to the public by preferring life-fttinuities, 
will be 8t years purchase of the annuities ; 
or ^595,000. By similar deductions it may 
be easily found, that the loss, in younger 
lives, is greater; in older lives less ; but ne- 
ver inconsiderable, except in the oldest lives. 
It appears, therefore, that in consequence 
of such a way of raising money, the public 
must always pay much more in interest than 
there is any occasion for ; and tvatte a sunt 
equal to more than half the principal bor- 
rowed P. This, however, though so wasteful, 

U 

' It is obviotu. that tbe obsetvationi hen oitde, maf 
be ^ilied to tne comiDon methods of raiuDg mooef 
4p KRMUinuitia, for liiiildtng churcbo, fudag ntet^ 
qalring BBngitioDi, ita. &c. Aitd, io |«wril, to «U cases 

vol.. I. U wbert 
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18 a more frugal way of procuring money 
than by borrowing on perpetuities, without 
putting them into a course of redemption;' 
for in this case the loss may be infinite. 

But to return. 

The enquiry which has occasioned this 
digression, must be interesting to every per- 
son who wishes well to this country. AH 

where the money received is not laid up to be improved. 
•^— For, to view this subject in another light, let us sup- 
pose i?l 0,000 borrowed for any public work, on perpe- 
tuities at 4 per cent. And, if that will aflford more en- 
couragement, let them be made irredeemable for any num* 
ber of years less than seventeen. Let us further sup- 
pose such ratcs^ or tolls, established for the payment of 
the interest and principal, as sliall produce double the in- 
terest of the sum borrowed ; or ^800 per annum instead 
of ^400 per annum, het the siaplus, as it cosies in Aalf" 
yearly y be laid up to accumulate in the public fiinds. In 
17 years and a half, reckoning interest at 4 per cent, a ca- 
pital will be raised, equal to the whole sum borrowed ; 
and, therefore, at the end of that time, the whole debt 
may be dischai^d, and the whole transaction finished.— 
But if the same sum had been borrowed on annuities, ibr 
the lives of a set of persons 50 years of age, at 8 per cent. 
which is j€l per cent, less than the true value of such an- 
nuities : Had this, 1 say, been done, half the annuitants 
would have been alive at the end of the term I have men- 
tioned ; and the whole transaction, together with the ex- 
pences and trouble attending the management of it, could 
not have been finally closed tilt the extniction of all tht 
lives ; that is, not in less time, most probably, than 35, 
or, perha])S, 40 years. — It Is a necessary observation liett^ 
that, if public credit maintains its ground, much will not 
depend, in the plan now proposed, on the rise and fidl of 
SiiocKs. If a war sinks them, the money laid x>ut^ whife 
the war lasts, will accumulate faster. If a peace raisei 
them, the money that had been previously laid out wiQ be 
proportionaUy iucrease4i 

fchemes 
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schemes for discharging the public debts by 
life-annuities, have been shewn to be absurd 
and extravagant. In general it may be ob- 
served, that it is far from probable, that any 
money which the nation can spare, if ap- 
plied so as to bear only simple interest, can 
be capable of reducing its debts within due 
bounds ; or of doing us, in our present cir- 
cumstances, any essential service. A fund, 
producing a surplus of even two millions an- 
nually, would, when thus applied, pay no 
more than 40 millions in 20 years ; and, in 
that time, a war might probably come, which 
would interrupt the application of it; and in- 
crease our debts much more than such a fund 
had lessened them. 

Certain it is, therefore, that if our affairs 
are to be retrieved, it must be by a fund in- 
creasing itself in the manner 1 have explain- 
ed. The smallest fund of this kind is, in- 
deed, omnipotent y if it is allowed time to ope- 
rate. But we are, 1 fear, got so near to the 
limits of the resources of the nation, that it 
cannot be aUowed much time : And, in or- 
der to make amends for this, it is necessary 
that it should be large. 

In redeeming the public debts, consider- 
able advantages might be derived from their 
low price ; and this advantage, in a time of 
war, would be nearly the same in whatever 
manner the redemption was made: That is, 
ipvhether it w'as always made at par, or at the 
market prices bdow par. Hie latter method 

u 2 would 
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would be the best ; but supposing the former 
adopted, an equivalent advantage would arise 
from the power it would give to borrow 
money on lower terms. — Suppose, for in- 
•«tance, that in a time of war, four mil- 
lions must be borrowed for the service of 
the year ; and let the produce of the fund 
be then increased to two millions ; and the 
interest of money in the stocks, above 4 
per cent In these circumstances, it would 
be the interest of the lenders of money, to 
take 3 i per cent, for the sums they advanced, 
in consideration of having their 3 per cents. 
paid off at par, to the amount of half these 
sums. — ^War, therefore, would accelerate the 
redemption of the public debts; and it would 
do this the more the longer it lasted, and 
the higher it raised the interest of money. 
Or if, in consequence of paying always at 
par, this could not happen ; an equivalent 
effect would be produced in the way just 
mentioned. The stocks would be always 
kept up by the operations of the fund; axiid, 
in proportion to die sums jdelded by it, the 
public would be able to borrow money more 
advantageously, and less would be added to 
its burdens. — ^This seems to me an observa- 
tion of particular consequence. It demon-; 
strates, that the invariable application, in 
zvar as well as peace, of the produce of the 
fund I am supposing, to the payment of 
the national debts, rather than to any cur- 
jcnt services, would, indqpeodently of its 

effect 
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e&ct in redeeming these debts, be attended 
with great advantages to the public. But 
this is a subject on which I shall have oco^ 
fiion to tey more presently. 

The sinking fund, in its present state, and, 
after supplying the deficiencies of the peace 
establishment, yields, I suppose, a consider- 
able part of a million and a half per annX 
And I cannot doubt but that such savings 
might be made in the collection and expen- 
diture of the national revenue, as would 
cause this fund to yield the whole of this 
sum, without imposing any new burdens on 
the public. But, were there, indeed, no way 
of providing any part of it, but by creating 
new funds, or imposing new taxes ; it ought 
to be done, because it must be done, or the 
nation sink. 

The evils and dangers, attending an exor- 
bitant public debt in this country, are so 
great, that they cannot be exaggerated, — 
Without repeating, what has been so often 

^ A more careful enquiry has shewn me that the true 
surplus of the public income was at the time when this 
was written much less than 1 imagined. For five years 
after 1 763 it was no more than jf 30,000 per arm. For 
fi%'e years before 1775 it was j£'338,7*'?9; and tlic me- 
dium for the whole duration of the peace between the 
last two wars was j£^19tf,0(X) per ami, according to the 
accounts in the second Tract on Civil Liberty, Part 8d^ 
^cct. 4th. And from the commencement of the present 
{>eace to the present year 1790^ the stated revenue luis pro- 
duced no surplus. 

saidj 
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said, of its increasing the dependance on the 
crown; rendering us tributary to foreigners; 
and raising the price of provisions and labour; 
and, consequently, checking population, an4 
loading our trade and manufactures; I will 
only take notice of the following evils which 
attend it. 

First The execrable practices of the 
Alley. These cannot be mentioned in lan- 
guage too strong, I'hey are incr^sing every 
day; anjl the national debt, by giving pcca- 
sion to them, is likely soon (with the aid of 
annual lotteries) to ruin all honest industry 
among us, and to turn us into a nation of 
gamblers. 

Secondly. It must check the exertions 
of the spirit of liberty in the kingdom. The 
tendency of every government is to des- 
potism ; and in this it must end, if the peo- 
ple are not constantly jealous and watchful. 
Opposition, therefore, and resistance, are often 
necessary. But they may throw things into 
confusion, and occasion the ruin of the public 
funds. The apprehension of this must in- 
fluence all who have their interest connected 
with the preservation of the funds, and ia- 
cline them always to acquiescence and ser- 
vility. 

But further. It exposes us to particular 
danger from foreign enemies by inviting in- 
sults, and rendering us incapable of meeting 
war, however necessary, without the hazard 

pf 



and the Naiional Debt figi 

of bringing on terrible convulsions, bj over* 
whelming public credit. 

All these are evils, which must increase, 
with every increase of the national debt ; and 
there is a point at which, whei^thcy arrive, 
the consequence must be fatal \ 

But to proceed to some ftirther obsersa- 
tions. 

What has been said, has all along sup** 
posed a sacred and inviolable application of the, 
fund 1 have described, and of all its earnings, 
to the purpose of sinking the national deot 
The whole effect of it depends on its being 
allowed to operate, without interrup- 
tion, a proper time. But it may be asked, 
how this can be secured ? Or, by what me- 
thod an object, that must be continually 
growing more and more tempting, can be 
defended against invasion and rapine i^I 
might here mention the superintendency and 
care of the representatives of the kingdom. 



' *^ Either the nation ^Mr. Hwne sajfv, Essays, Vol. II« 
'' p. 145) must destroy public credit; or public credit will ' 
^ destroy the nation." Mr. Gordon, in the Preface to 
Cato*s Letters, tells us, that the great and good Mr. 
Trsnchard had two things much at heart, namely^ 
keeping England free from foreign broils, and paying off' 
the pw^lic debts. He thought that one of these depended 
on the other, and that the being of the state depended on 
the latter. Mr. Gordon, adds, that he believed no one, 
who thought at all, could think Mr. Trkncharj> mis- 
taken. 

the 
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fhe ^itJiful guardians of* the state^ to whom 
ministers are responsible for the use they 
make of the public money. But experience 
has shewn, that we cannot rely on this secu- 
rity. — ^The difficulty, therefore, now men- 
tioned, is the very greatest difficulty the na- 
tion has to struggle with in the payment of 
its debts. 

The sinking fund was established iii the 
year 1716, or soon after the accession of the 

5 resent family, at a time when the public 
ebts, though not much more than a third of 
what they are now, were thought to be so 
considerable as to be alarming and danger- 
ous. It was intended as a sacred depo- 
•rr never to be touched; the law which 
established it declaring, that it was to be ap- 
plied to the payment of the principal and 
interest of such national debts and incum- 
brances, as had been incurred before the 25tij 
of December 1716; and to no other use, intentl 
or purpose whatever. — ^The faith of parlia- 
ment, therefore, as well as the security of the 
kingdom, seemed to require, that it should be 
^ preserved carefully and rigorously from alie- 
nation. But, notwithstanding this, it has 
been generally alienated ; and the produce of 
it employed, in helping to defray such cur- 
rent expences as the exigences of the state 
x:endered necessarv. 

In order to justify this, it has been usual 
to plead, that wheh money is wanted, it 
makes no difference, whether it is taken from 

3 htDce, 
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hence, or procured by making a new loan. 
But in truth the difference between these 
two methods of procuring money is no less 
than infinite. — For, by employing the sink- 
ing PUND in bearing current expences^ 
rather than borrowing new money on new 
funds; the state, in order to avoid giving 
simple interest for money, is made to alienate 
money, that must have otherwise been im- 
proved at compound interest; and which, in 
time, would have necessarily increased to anjf 
sum. — ^Had a faithful use been made from the 
first, of only one third of the produce of 
this fund, the greatest part of our present 
debts would now have been discharged •• — 
Can it be possible then to think, without the 
deepest regret, of that misapplication of this 
fund, which, with the consent of parliaments 
always complying, our ministers have prac- 
tised? 

* The principal observations in this Chapter, I have 
given just as they occurred to my thoughts, without 
knowing that any of them had been made by other 
writers. Some proposals and observations of a similar 
nature, I have since found in an excellent pamphlet pub- 
lished In 1726, entitled, jin Essay on the National Debts 
rftkis kingdom f whereUi tJie importance of disc fiarging them 
IS considered^ and some general mistakes about the natwe 
and efficacy of the Sinking Fund examined cmd removed* 
In a Letter to a Member of the House of Comfnons. 
Fbmth edition. 
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SUPPLEMENT. 

THE following account of our Public 
Funds in general, and of the Sinking Fund 
in particular, having been, published in an- 
other work too incorrectly/ I have thought 
proper to introduce it here as a Supplement 
to the precedmg Chapter. 

The British Funds have been all formed 
into the four following classes or divisions. — » 
The Aggregate Fund; the South-Sea 
Fund ; the General Fund ; and the Sink- 
ing Fund. 

The Aggregate Fund was established by an 
act of Geo. I. cap. 12. in 1715. It had this 
toame given it, because it consisted of a great 
variety of taxes^ and surpluses of taxes 
which were in that year consolidated, and 
given as a security for the discharge of the 
interest and principal of debts due to the 
Bank of England, and some other public 
debts; and also for thepayment of ^^120,000 
per annum to the civil list. Into ibSsfund 
were brought the two-thirds and oiie-half 
subsidy of tonnage and poundage ; half the 
injand duties on tea and coffee ; the house- 
money granted by the 7th of WHL III.; the 
duty on hops; the duties on low wines, 
brandy, and British spirits; all arrears of 
land-taxes; all public monies not appro- 
priated; the surpluses of the nine-penny 

excise, 
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excise, of the five-sevenths of the Bank nine- 
penny excise, of the revenues in the annuity 
acts of the 4th, sth, and 6th of Queen j4nne, 
Sf,c. and, by an act of the 1st of Geo. III. all 
the duties constituting the revenue of the 
qivil list. 

The South-Sea Fund was established, by 
Stat. 3 Geo. I, cap. 9. in 1716; and was so 
called, because appropriated to pay the in- 
terest of the South-Sea company's capitaL 
It consisted of a duty on candles, and certain 
imposts on wines, vinegar, tobacco, and 
East-India goods. 

The General Bund was also established, by 
Stat. 3 Geo. I. cap. 7. in 17 16, and consisted 
of a subsidy on goods exported ; a tax on 
hackney-coaches and chairs ; duties on soap, 
hides, stamps, and policies of Insurance; 
^700 per week letter- money; a moiety of 
the inland duties on tea and coffee ; and 
^39,855 per annum out of the hereditary 
excise on beer for the bankers annuit'es. 
All these taxes were appropriated to the dis- 
charge of the interest of ^7,808.087, (origi- 
nally ^10,000,000,) capital stock of South- 
Sea annuities, together with charges of ma- 
nagement. 

All that remained of the produce of the 
taxes thus digested into these three J'unds, 
after satisfying the charges upon then], was 
in the same year (or 17 16) carried into a 
fourth fund, to which was given the name 
of the Smhing Fund, because appropriated 

to 
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«t ce Mgrai^gg cotDpanj; 
oisOy Gt the exccB cr szrpias <tf* die du- 
txa xki iriciaira> bj dies act appropriated 
as afofesdd : and the oiei pla s monies of 
the said G^meral fkmd fav this act esta- 
bEsfaed. shall be apprcpriited to the dis- 
charging the priaopal and interest of 
SQcfa natiocal debts as were incurred be- 
fore tte 2otfa ci Dcccmfacr, 1716, and 
are declared to be national debts; and to 
or for no other use, intent, or purpose 
wbatsocvcr." The transactions with re* 
ipect to this fond make a very important 
part a( the history of Bntaia ; and fomidi 
US with a striking instance of the dqpravitj 
and folly which often ruin kingdoms. 

Before its establishment there had existed 
many stmUerJunds of the same nature ; that 
is, such duties or taxes had been provided for 
paying the interests of particular loans, as 
affbr^icd surpluses by which the principal 
itself was to be gradually redeemed. This 
Wa« the common practice in the reigns ot 
King fntfiam and Queen Jnne. Most of the 

public 
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public duties were given for terms of years; 
and at the end of those terms they ceased of 
course, unless continued for farther terms by 
new acts of parliament : And, in general, it 
was provided, when any money was raised^ 
that the principal should be cancelled either 
by time, as in the case of the sale of long 
and short annuities, or by the surpluses of 
the duties charged with the payment of the 
interest. This was an excellent plan; but 
it was by no means carried into execution. 
In the year 1 720, most of the long and short ' 
annuities were converted into redeemable 
perpetuities, at the expence of above three 
millions ; and the surpluses of the duties 
charged with particular loans were often so 
broken into, by being either charged with 
new loans before they had cancelled the old, 
or spent on current services, as to be ren* 
dcred incapable of answering the end in* 
tended by diem. In consequence partly of 
this bad management, the public debts at the 
accession of the House of Hanover were so 
much increased as to be generally reckoned 
insfippor table ; and theirreduction was made 
one of the first objects of parliamentary at* 
tention. This gave rise, ifi iri6, tjo the 
institution of the fund of which we are 
giving an account, the father of which was 
(as has been generally said) Sir Robert JVal^ 
pole, but, in reality, Earl Stanhope. AU 
the taxe«» except the land-tax and six-penc^ 

per 
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per bushel malt-tax*, were then made pct*- 
petual, and distributed into the three funds 
-which have been described, the surpluses 
of which, for ever afterwards, were to be 
held sacred, and to be applied inviolabfy, 
according to the words of the act just recited, 
to the redemption of the national debt, 

A considerate person might have suspef ted, 
that the same causes which had rendered 
former partial appropriations ineffectual, 
would destroy the efficacy of this. There 
seemed, however, to be reason for hoping 
•the contrary : For, 

First, the fiiture happiness and glory of 
the kingdom were thought to depend " on 
this appropriation ; and the law which esta- 
blished it was declared to be a fundamental 
law of the realm. 

Secondly, in conformity to these senti- 
ments, the words of this law were made as 
strong as possible ; and, in order to give 

^ These taxes have been alwa}'s voted by parliament 
from year to year; and arc, o^ this account, disttngBishfd 
by the name of the annual taxes ; and wholly employed^ 
us far as they will go, in bearing tl)c current cxpenccs of 
every year. 

** The alarm occasioned about this time by the public 
debts (which havo been since twice doubled) and the 
eager expectations entertained from this fund, appear 
remarkably, from a fact just mentioned; or frona the 
conversion (at the cxpcnce of three milUons) of most of the 
long and short annuities then subsisting into redeemalle 
perpetuities, in order to subject them to the operation of 
tlus fund. 

additional 
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additional force to it, a repetition of it, in 
the same words, was inserted in an act of 
the 5th of Geo. I. cap- 3. Particular notice 
should be taken of these words. They order 
that all the surpluses of the taxes then made 
perpetual, shall be applied to the discharge 
of the public debts, and " to no other use or 
^ intent whatever." When, therefore, a . 
debt had been paid off, the addition arising 
from that payment to the surpluses (or the 
annuity disengaged by it) became a part of 
the fundf and, together with it, was to be 
employed in discharging farther debts. And 
the same being true of every successive an- 
nuity disengaged by every payment, the 
fundy if never misapplied, must necessarily 
have operated in sinking the public debt, in * 
the same manner that money accumulates, 
-when put out to bear compound interest. 
And in this way \\xi!&fund did in fact operate 
for a few years. While in its infancy, it 
was watched with great care. The improve- 
ment and the inviolable application of it was 
recommended in most of the speeches from 
the throne, and echoed back in the addresses 
pf the House of Commons. It is particularly 
observable, that so well did our ministers 
then understand the nature and importance 
of this/wwrf, that rather than encroach upon 
it, they frequently borrowed money in order 
to defray the necessary expences of govern- ,^ 
ment From some publications in 1726 it 
appears, that some persons had been led to 
i * apprehend 
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apprehend this zeal of the ministry would 
not be permanent, because it was not their 
interest to pay odfthe public debt, oh account 
of the dependence and influence created by 
it In answering this objection, tbe writers 
on the side of the court called such an ap« 
prehension an indecent jealousy, and took 
upon them to assure the public, '' that in no 
^ possible exigence of a^rs could our mi- 
^ nisters ever approve of or recommend the 
^ alienation of the sinking fundr Happy 
would . it have been for Britain liad thi 
proved true : But in a little time it appeared, 
that the apprehensions which had been stiled 
indecent jealousies, were too well grounded 
Men in power came soon to see, that this 
ju7id was advancing too fast in its opera^ 
tions, and to change their zeal for it into a 
resolution to destroy it. This will abun- 
dantly appear from the following facts. 

Charging the income of the sinking Jwiid 
with the payment of the interest of new 
loans, is an encroachment upon it, no less 
subversive of its efficacy, than depriving it 
of gross sums; there being no difference 
between taking from it the annual interest 
of a sum, and that sum itself Between 
the years 17^7 and 1732 several incroach- 
jnents of this kind had been made upon it; 
but, being of a less obvious nature, they 
passed without any particular opposition. 
JTbe finishing blow was given in the year 
%7%i. la that year, in order* tp keep tbe 

• land- 
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land-tax at one shilling in the pound, it waa 
necessary either to borrow half a million for 
the current service, or to take half a million 
from the sinking fund. The last method was 
chosen ; and proposed by Sir Robert kTalpole 
to the House of Commons. Long and 
w^arm debates ensued. A proposal to alie- 
nate, in a time of profound peace, a fund 
which the law had made sacred, and the 
alienation of which no possible exigence of 
public affairs could justify, only for the sake 
of keeping the land-tax for one year at one 
shilling in the pound, justly kindled the 
indignation of the patriotic party. They 
urged the prohibition of the law, the faith 
of parliament, and the security of the king- 
dom. The proposer of the alienation was 
reminded of his inconsistency and treachery, 
in endeavouring to beat down that very mo- 
nument of glory which he had boasted of 
having erected for himself; and Sir John 
Baimard warned him, that he was drawing 
upon himself the curses of posterity. But 
all arguments were vain. The ministry 
pleaded that the landed interest wanted ease; 
that there was no occasion for being in a 
hurry to pay the national debt ; and that the 
circumstances of the kingdom had altered so 
much since the establishment of the sinking 
fund, that the competition then among the 
public creditors was, not who should be 
first, but who should be last paid. Thus 
VOL. I. X argued. 
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argued, among others, Sir Robert Widpole. 
His reasons prevailed; and the House of 
Commons consented. 

The practice of alienating the sinking fund 
having been thus begun, went on of course. 
In the next year, or 1734, ^1,200,000 was 
taken from it. In 1735, and 1736, it was 
anticipated and mortgaged. 

Thus expired, after an existence of a few 
years, the sinking fund; that sacred blessing 
(as it was once thought) and the nations 
only hope. Ck)uld it have escaped, it would 
long before this time have eased BritMn of 
all its debts, and left it safe and happy. 

In order to obtain a juster sense of this, 
let us here compare what it uvuld have done 
had it never been misapplied, with what it 
has done. 

Though the act that established it was 
passed, as already said, in 17.16, it did not 
begin its operation till 1719, when three 
quarters of a million in old Exchequer bills 
were paid off with it The intermediate 
time had been employed in laying the foun- 
dations of this fund, and providing an in- 
come for it, hy a general reduction of the 
public debts, from an interest of six fer 
cent, and other higher interests, to five per 
cetit. What made this reduction then prac- 
ticable was a rapid fall of the interest of 
money, which begun (in consequence of an 
of trade producing an influx of 

money) 
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monej) a little before the accession *. The 
means used by government for accomplish* 
ing this reduction were, firsts the addition 
(at Michaelmas 1717) of the interest of some 
debts bearing five per cent, to the principal, 
in order to make use of the produce of the 
taxes which should have paid that interest, 
in discharging the bankers debt and some 
other debts baring six per cent. 

Secondly, loans at five per cent, obtained 
chiefly from the Bank and the Soutk-Sea 
company, to pay off such of the public cre- 
ditors as did not chuse to accept a lower 
interest than six per cent. 

After this reduction, the three ^i/w^^, be- 
fore described, produced a surplus of above 
half a million per annum'. In 17^7 this 
surplus was increased to ^93g,l03, and in 
1733 (the year when the practice of alie- 
nating it bc^un) it had been increased so 
much by the redemptions made with it, 
and by a second reduction of interest in 
1727 from five to four per cent, that its 
medium for five years had been ^1,212,000 
per annum. Had it, from the year 1732, 
been allowed no increase beyond this sum 
^cept from the interest of debts paid by it), 
and been applied for the first twenty-five 
years to the payment of debts bearing four 
per cent, interest, and afterwards to the pay-^ 

* The le^al inteieit of money was reduced in 1714» 
fioiD iix to live per anU 

7i2 ' fnent 
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ment of debts bearing three per cent, it would 
tin the year l78t) have completed the re* 
demption of more than one hundred and 
sixty millions of debt, leaving the public 
during this whole period, in possessirai of 
all the surpluses which have arisen in the 
revenue b^ond ^l, 212,000, except those 
produced by redemptions. It is not pos^ble 
to conceive the beneficial efiects with whidi 
this would have been attended, or the vigour 
which would have been all along given to 
public credit by such a fimd, and by the 
prospect it would have given of the totad 
annihilation in a few years of all the puUic 
debts, and the disengagement of the taxes 
supporting them. No person who duly at- 
tends to this, and wishes well to Engiamf, 
can avoid execrating the pohcy which first 
produced, and has since continued, the alie- 
nation of the sinking fund, and converted as 
expedient for saving the kingdom^ into a 
supply for extravagance, and a support of 
corruption and despotism . This, however, 
is a policy which it may be expected men in 
power will al waj's use when they can ; for 
tew of them (except when well wntched) 
have ever shewn themselves superior to the 
temptations of power, or virtuous enough to 
avoid using all means to extend it. 
• i/iflny schemes of difierent kinds ha?«. 
been formed for paying the public debts; 
and certain, it is, that nothing can be of 
more importance. But the nature of things 
: ...1 3 . doth 
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4ioth iiot admit of any method of doing this 
00 expeditiously and c^ectuallj as an unaUe^ 
nably sinking Jund; for in such ^fund (it hafi 
been . shewn) money is improved at com- 
pound interest, and therefore in the most 
perfect manner. The writers, therefor^ 
^irho have employed themselves in contriving 
such schemes might have spared their la-*> 
bour. The best of all schemes has been 
long known and established, and received alj 
the weight and efficiency which could be 
given it by the most solemn acts of the l^is*- 
lature. But no legislature can give security 
against itself. 14 o parliament can do any 
thing which it may not undo. 

We have now seen what the sinking fund 
WOULD have done, had it suited the views 
of the British ministry in 1 7 3 3 to suffer it 
to go on with its operations. Let us next 
*€X)mpare this with what it Hm done. 
' In 1737 and t738, a million of the stock 
of Bank annuities and two milUons of the 
stock of South-Sea annuities were redeemed 
tfith it. For twelve years after 1/38, it 
was wholly applied to the current expences 
of every year. In 1 749, the interest of 
near fifty*eight milUons of the public debts 
iwas reduced from four to three and a half 
jpcr cent, interest for seven years, and after- 
wards to three per cent, for ever. But not- 
withstanding the great addition which this 
fkird reduction of interest made to the sinking 
fund, no more than three millions of the pub- 
lic 
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lie debts were redeemed by it, during the iri- 
tetval of peace between the years l7-*8 and 
1756. • 

By an act of the 25th of Geo. II. 1752, a 
change was made in the sinking fund, which 
it is necessary to mention. 

Before this act the sinking fund consisted 
only of the clear surpluses of the aggregate 
the general, and the South-sea company's 
funds. By the war, which begun in 1740, 
there was an addition made to the public 
debts of near thirty- two millions. Tliis oc- 
casioned a great increase of taxes ; and the 
practice was, whenever any new tax pro- 
duced less than the interest with which it was 
charged, to make good the deficiency out of 
the sinking fiind, and afterwards to replace 
the sum taken from it out of the supplies 
for the following year. But whenever a tax 
produced more than the charge upon it, the 
overplus, instead of being carried to the 
sinking fund, was made a part of the sup* 
plies for the year. By the act just men- 
tioned, all the vew taxes, together with all 
the annuities to the payment of which they 
had been appropriated, were ordered to be 
carried into the sinking fund ^ and formed 
into one general account. Most of the new 
taxes having proved deficient, this fund at 
first lost more than it gained by the change. 
But the loss was afterwards more than made 
up; first, by the saving which was pro- 
duced by the reduction of interest from three 

and 
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9nd sihalf per cent, to three per cent, in 1757 ; 
and, secondly, by the addition, in the same 
year, of the salt-duties to this fund, after 
they had completed the redemption of a 
million, with which they had been chained 
in 1745. 

The war which b^an in 17561', added 
serenty-one millions and a half to the public 
debts. This produced a new increase of 
taxes, which (in conformity to the conso- 
lidating act just mentioned) were brought 
to the general «n^'iHo yi/n(/ account, together 
■with the annuities or interests with the pay- 
ment of which they werecharged. And it had 
been, till the last war, the constant practice 
to carry every new fund or tax, imposed for 
paying the interest of a loan, into the sinking 
fund; in consequence of which this fund 
g^ned when the tax happened to pro- 
duce more, but lost when it produced less 
than the interest which it had been given to 
pay. The sinking find, therefore, which, 
before the consolidating act, consisted only of 
the surpluses of the aggregate, general, and 
South-sea company's funds, consisted after- 
wards of the clear surplus of all the appro- 
priated taxes. There was only one excep- 
tion ; namely, the additional tax upon houses 
and windows, granted in 1 758, towards pay- 
ing the-intercst' of four millions and a half 
then borrowed. This tax was never made a 

' See Kcood lliet on Clril Labertf, p. 147. 

' part 
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the deficiency of the fund in 17^8, and all 
the deficiencies * of the new taxes. 

It appears from this detail, that after the 
peace in 1 763 the income of the miMngfund 
increased considerably. The causes of thii 
have been partly the falling in of life-annui- 
ties, and the greater productiveness of the 
taxes occasioned by the increase of luxury. 
But the principal cause was the falling in of 
the interest of about ten millions and a half 
of the public debts which were discharged 
during the twelve years of peace between 1 763 
and 1775. This diminution of the public 
debts was made, not by the sinking fund, but 
by a contribution from the East IndiuComi^^xiy 
of ^400,000 per ann. begun in 1768, and 
continued for five years ; by the profits of 
ten lotteries ; by the composition for main- 
taining French prisoners; sale of French 
prizes taken before the declaration of war 
in 1756; and other extraordinary receipts, 
amounting in all to above eight millions; 
Thisyi/W, therefore, did not pay off more 
than two millions and a half, the rest of 
its produce having been employed in bear* 
ing the expences of the peace establishment, 
which, during that period, were not much 

* These deficiencies have had two causes. First, the 
unproductiveness of some of the new taxes : and^secondlj, 
the commencement of the interest? of the loans before th« 
new taxes could be collected, the payment of which in- 
terests^ therefore^ fell on the Sinking Fund. 
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part of the sinldng fund ; and, having always 
proved deficient to the amount of about 
^43,000 per annum, the deficiency was 
constantly made good by the sinking fund, 
and afterwards replaced from the sup- 
pli'es. 

Before the last reduction of the interest of 
the public debts, the sinking fund, having 
suffered greatly from various encroachnients 
upon it, produced little more than a million 
per ann. But after this reduction, and its in- 
crease by the addition of the salt-duties, it 
produced near two millions per ann. In 
1 764 it produced at Michaelmas, after making 
good deficiencies, ^2,106,000 nearly. For 
five years after 1 764, its average produce^ 
reckoned to Christmas in every year w^as 
^2,234,780. For five years, ended in 1774, 
its average produce (after making good 
the deficiency of the fund in 1758) 
was ^2,610,759. In 1775, it produced 
^2,917,869. In 1776, ^3,166,517. In 
1777j it was charged with an annuity of 
«S 1 00,000 per ann. to the civil list; and, 
after paying three quarters of this anniiity, 
and half a year s interest of five millions bor- 
rowed in that year, it produced from Oc* 
tober 1776 to October 1777, ^'2,685,669; 
From October 1777 to October 1778, 
1719$ and 1780, it produced ^2,442,o63, 
4pg2,267,399, £2,403,017 y after paying the 
said annuity, and also after making good 

^ tlie 
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the deficiency of the fund in 17^8, and all 
the deficiencies * of the new taxes. 

It appears from this detail, that after the 
peace in 1 7^3 the income of the mihingfund 
increased considerably. The causes of thii 
have been partly the failing in of life-annui- 
ties, and the greater productiveness of the 
taxes occasioned by the increase of luxury. 
But the principal cause was the falling in of 
the interest of about ten millions and a half 
of the public debts which were discharged 
during the twelve years of peace between 1 763 
and 1775. This diminution of the public 
debts was made, not by the sinking fund , but 
by a contribution from the East hidiaCompsiny 
of ^^400,000 per ann. begun in 1768, and 
continued for five years ; by the profits of 
ten lotteries ; by the composition for main- 
taining French prisoners; sale of French 
prizes taken before the declaration of war 
in 1756; and other extraordinary receipts, 
amounting in all to above eight millions*. 
Thisyi/W, therefore, did not pay off more 
than two millions and a half, the rest of 
its produce having been employed in bear-* 
ing the expences of the peace establishment, 
which, during that period, were not much 

* These deficiencies have had two causes. First, the 
unproductiveness of some of tlie new taxes : and, secondly, 
the commencement of the interests of the loans before th« 
new taxes could be collected, the payment of which in- 
terests^ therefore, fell on the Sinkinir Fund. 

less 
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part of the inking fund; and^ having always 
proved deficient to the amount of about 
^43,000 per annum, the deficiency was 
constantly made good by the sinking fund, 
and afterwards replaced from the sup- 
pli'es. 

Before the last reduction of the interest of 
the public debts, the sinking fund, having 
suffered greatly from various encroachments 
upon it, produced little more than a million 
per ann. But after this reduction, and its in- 
crease by the addition of the salt-duties, it 
produced near two millions per ann. In 
1 764 it produced at Michaelmas^ after making 
good deficiencies, ^2,106,000 nearly. For 
five years after 1764, its average produce^ 
reckoned to Christmas in every year was 
^2,234,780. For five years, ended in 17/4, 
its average produce (after making good 
the deficiency of the fund in 1758) 
was ^2,610,759. In 1775, it produced 
^2,917,869. In 1776, ^3,166,517. In 
1777, it was charged with an annuity of 
«iS 100,000 per ann. to the civil list; and, 
after paying three quarters of this annuity, 
and half a year s interest of five millions bor- 
rowed in that year, it produced from Oc-» 
tober 1776 to October 1777, ^2,685,66gt 
From October 1777 to October 1778, 
J 779* and 1780, it produced ,5<£2,442,o63, 
^2,267,399, 5^2,403,017, after paying the 
said annuity, and also after making good 

^ tlie 
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the deficiency of the fund in 17^8, and aU 
the deficiencies * of the new taxes. 

It appears from this detail^ that after the 
peace in 1 763 the income of the miking fiind 
increased considerably. The causes of this 
have been partly the falling in of life-annui- 
ties, and the greater productiveness of the 
taxes occasioned by the increase of luxury. 
But the principal cause was the falhng in of 
the interest of about ten millions and a half 
of the public debts which were discharged 
during the twelve years of peace between 1 763 
and ^775. This diminution of the public 
debts was made, not by the sinking fund^ but 
by a contribution from thcEast hidiaCom^Siny 
of ^400,000 per ann. begun in 1768, and 
continued for five years ; by the profits of 
ten lotteries ; by the composition for main- 
taining French prisoners; sale of French 
prizes taken before the declaration of war 
in 175(5; and other extraordinary receipts, 
amounting in all to above eight millions; 
'JihLisfundj tlierefore, did not pay off more 
than two millions and a half, the rest of 
its produce having been employed in bear-* 
ing the expences of the peace establishment, 
wnich, during that period, were not much 

* These deficiencies have had two causes. First, th^ 
unproductiveaess of some of tlie uew taxes : and, secondly, 
the commencement of the interests of the loans before th« 
new taxes could be collected, the payment of which itt- 
terests, therefore, fell on the Sinking Fund. 

IcM 
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part of the sinking fu7id ; and, having always 
proved deficient to the amount of about 
^43,000 per annum, the deficiency was 
constantly made good by the sinking fund, 
and afterwards replaced from the sup- 
pliies. 

Before the last reduction of the interest of 
the public debts, the sinking fund, having 
suffered greatly from various encroachments 
upon it, produced little more than a million 
per ann. But after this reduction, and its in- 
crease by the addition of the salt-duties, it 
produced near two millions per ann. In 
1 764 it produced at Michaelmas, after making 
good deficiencies, ^2,106,000 nearly. For 
five years after 1764, its average produce^ 
reckoned to Christmas in every year was 
^2,234,780. For five years, ended in 17/4, 
its average produce (after making good 
the deficiency of the fund in 1758) 
was ^2,610,759. In 1775, it produced 
^2,917,869. In 1776, ^3,166,517. In 
1777> it was charged with an annuity of 
^100,000 per ann. to the civil list; and, 
after paying three quarters of this annuity, 
and half a year s interest of five millions bor- 
rowed in that year, it produced from Oc^ 
tober 1776 to October 1777, ^'2,685,669; 
From October 1777 to October 1778# 
J779i and 1780, it produced ^2,442,o63, 
4^2,267,399, ^2,403,017, after paying the 
said annuity, and also after making good 

^ tlie 
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the deficiency of the fund in 17^8, and aU 
the deficiencies * of the new taxes. 

It appears from this detail^ that after the 
peace in 1 763 the income of the sinking fund 
increased considerably- The causes of this 
have been partly the falling in of hfe-annui- 
ties, and the greater productiveness of the 
taxes occasioned by the increase of luxury. 
But the principal cause was the falhng in of 
the interest of about ten millions and a half 
of the public debts which were discharged 
during the twelve years of peace between 1 763 
and 1775. This diminution of the public 
debts was made, not by the miMngfund, but 
by a contribution from th e East hidiaCom^SLuy 
of ^400,000 per ann. begun in 1768, and 
continued for five years ; by the profits of 
ten lotteries ; by the composition for main* 
taining French prisoners; sale of French 
prizes taken before the declaration of war 
in 175(5; and other extraordinary receipts, 
amounting in all to above eight millions; 
'£\\isfundj tlierefore, did not pay off more 
than two millions and a half, the rest of 
its produce having been employed in bear-* 
ing the expences of the peace establishment, 
which, during that period, were not much 

* These deficiencies have had two causes. First, th^ 
unproductJveaess of some of the uevr taxes : andySecondljr^ 
the commencement of the interest? of the loans before th« 
new taxes could be collected, the payment of which in- 
terests^ therefore, fell on the Sinking Fund. 
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part of the sinking fund ; and, having always 
proved deficient to the amount of about 
^43,000 per annum, the deficiency was 
constantly made good by the sinking fufid, 
and afterwards replaced from the sup- 
pliies. 

Before the last reduction of the interest of 
the public debts, the sinking fund, having 
suffered greatly from various encroachments 
upon it, produced little more than a million 
per ann. But after this reduction, and its in- 
crease by the addition of the salt-duties, it 
produced near two millions per ann. In 
1 764 it produced at Michaelmas, after making 
good deficiencies, ^2,106,000 nearly. For 
five years after 1 7 64, its average produce^ 
reckoned to Christmas in every year w^as 
^2,234,780. For five years, ended in 17/4, 
its average produce (after making good 
the deficiency of the fund in 1758) 
was ^2,610,759. In 1775, it produced 
^2,917,869. In 1776, ^3,166,517. In 
17 17^ it was charged with an annuity of 
^100,000 per ann. to the civil list; and, 
after paying three quarters of this annuity, 
and half a year s interest of five millions bor- 
rowed in that year, it produced from Oc-» 
tober 1776 to October 1777, ^'2,685,66gt 
From October 1777 to October 1778, 
J 779* and 1780, it produced ^2,442,o63, 
462,267,399, ^2,403,017, after paying the 
said annuity, and also after making good 

^ tlie 
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the deficiency of the fund in 17^8, and aU 
the deficiencies * of the new taxes. 

It appears from this detail^ that after the 
peace in 1 763 the income of the sinking fund 
increased considerably- The causes of this 
have been partly the falling in of life-annui- 
ties, and the greater productiveness of the 
taxes occasioned by the increase of luxury. 
But the principal cause was the falHng in of 
the interest of about ten millions and a half 
of the public debts which were discharged 
during the twelve years of peace between 1 763 
and 1775. This diminution of the public 
debts was made, not by the sinking fund, but 
by a contribution from tbcEast hidiaCom^siny 
of ^400,000 per ann. begun in 1768, and 
continued for five years ; by the profits of 
ten lotteries ; by the composition for main- 
taining French prisoners; sale of French 
prizes taken before tht! declaration of war 
in 1756; and other extraordinary receipts, 
amounting in all to above eight millions: 
'£\\\sfundj tlierefore, did not pay off more 
than two millions and a half, the rest of 
its produce having been employed in bear** 
ing the expences of the peace establishment, 
which, during that period, were not much 

* These deficiencies have had two causes. First, th^ 
unproductjveaess of some of tlie new taxes: andySecondljTy 
the commencement of the interests of the loans before th« 
new taxes could be collected, the payment of wluch iti- 
terests^ therefore, fell on the ^Sinking Fund. 

IcM 
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part of the sinking fund ; and, having always 
proved deficient to the amount of about 
^43,000 per annum, the deficiency was 
constantly made good by the miking fund, 
and afterwards replaced from the sup- 
pli'es. 

Before the last reduction of the interest of 
the public debts, the sinking fund, having 
suffered greatly from various encroachments 
upon it, produced little more than a million 
per ann. But after this reduction, and its in- 
crease by the addition of the salt-duties, it 
produced near two millions per ann. In 
1 764 it produced at Michaelmas^ after making 
good deficiencies, ^2,106,000 nearly. For 
five years after 1764, its average produce^ 
reckoned to Christmas in every year was 
^2,234,780. For five years, ended in 1774, 
its average produce (after making good 
the deficiency of the fund in 1758) 
was ^2,610,759. In 1775, it produced 
^2,917,869. In 1776, ^3,166,517. In 
1777^ it was charged with an annuity of 
^100,000 per ann. to the civil list; and, 
after paying three quarters of this annuity, 
and half a year s interest of five millions bor- 
rowed in that year, it produced from Oc** 
tober 1776 to October 1777> ^2,QQ5,Q(ig, 
From October 1777 to October 1778, 
J 779* and 1780, it produced ^2,442,063, 
^2,267,399, ^2,403,017, after paying the 
said annuity, and also after making good 

^ tlie 
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the deficiency of the fund in 1758, and aU 
the deficiencies * of the new taxes. 

It appears from this detail, that after the 
peace in 1 763 the income of the sinking fund 
increased considerably- The causes of this 
have been partly the falling in of life-annui- 
ties, and the greater productiveness of the 
taxes occasioned by the increase of luxury. 
But the principal cause was the falling in of 
the interest of about ten millions and a half 
of the public debts which were discharged 
during the twelve years of peace between 1 763 
and 1775. This diminution of the public 
debts was made, not by the sinking fund, but 
by a contribution from thcEast hidiaCom^SLuy 
of ^400,000 per ann. begun in 1768, and 
continued for five years ; by the profits of 
ten lotteries ; by the composition for main- 
taining French prisoners; sale of French 
prizes taken before the* declaration of war 
in 1756; and other extraordinary receipts, 
amounting in all to above eight millions; 
Thisy^wt/, therefore, did not pay off more 
than two millions and a half, the rest of 
its produce having been employed in bear-* 
ing the expences of the peace establishment, 
which, during that period, were not much 

* These deficiencies have had two causes. First, th^ 
unproductiveness of some of tlie uew taxes : and, secondly, 
the commencement of the interests of the loans before th« 
new taxes could be collected, the payment of wluch itt- 
terests, therefore, fell on the Sinking Fund. 

less 
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less than double to what they had been in 
any former period. 

To the sum just mentioned, add three 
millions paid off in the peace between 
1748 and 1756, and three millions paid off 
in 1736 and 1737, and it will appear that 
the whole amount of the public debts paid 
off by the sinking Jiind, from its first aliena- 
tion in 1733, to the commencement of the 
American war, is only eight milUons and a 
half. 

It has been said, that when money is 
wanted for defraying public expences, it 
makes no difference whether it is obtained 
by diverting the sinking fundy or by anew loan. 
I have taken notice of this fallacy in page 2Q'J. 
Money in a sinking fttndy if never alienated, 
is improved, I have shewn, at compound in- 
terest ; but, when procured by a loan, bears 
only simple interest. A nation, therefore, 
whenever it applies the income of such a 
fund to current expences rather than the re- 
demption of its debts, chuses to lose the 
benefit of compound interest in order to 
avoid paying simple interest; and the los» 
in this case is equal jto the difference between 
the increase of money at compound and sim- 
ple interest. The following calculation will 
shew what this difference is. 

One penny put out at our Saviours birth 
to five per cent, compound interest, would, 
in the year 1791, have increased to a greater 
sum than would be contained in three 

5 hu:ndr£0 
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HtTNDHED MILLIONS of eaiths^ all solid 
gold. But, if put out to simple interest, it 
would in the same time, have amounted to 
no more than seven shillings and six- 
pence- All governments that ^Memtt Junds 
destined for reimbursements, chuse to im- 
prove money in the last rather than ikt^nt 
of these v^ays. 
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BY 



\ THE EDITOR^ 



X HE preceding account brings down the history 
of the Sinking Fund to the time in which the 
fourth edition of this work was published. It was 
the intention of Dr. Price in the fifth edition to 
have given an account of the new Sinking Fund 
which had been established in the year 1 7B6 ; 
but, while engaged in preparing that edition, he 
was seized by a disorder which soon teroiiiAated in 
his death, and put a final period to that and all 
the other additions with which he meant to im- 
prove the present work. — Being anxious in some 
degree to fulfil his intentions as well as to render 
justice to his memory, I published in the follow- 
ing year (1792), an account of his writings on the 
public finances, with a view principally of intro- 
ducing the subject of the new Sinking, or Con- 
solidated Fund, and of noticing the great, though 
unacknowledged assistance which the Minister 
had derived from his councils in the formation 
and establishment of it. 

That pamphlet has long been out of print, and 
as 1 am uncertain whether I shall ever publish an- 
other edition, I know of no better method of per- 
petuating my original design in writing it, as well 
M <f cK^p{>4fOi|^y (though very imperfectly), what 

Dr. Price 
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Dr. Price was prevented from aax)mpli8faiDg, than 
fav inserting the follpwing •chapter, which mntidna 
aU that is most itnportant on the subject ia that 
work. 
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Art JtccouTtt of three di0refit Plan^for redeeming 
tie ffHtionhl Detl^ iphich wete jotmed by Dr. 
Price in the year }780^ and cbrtir/iunicaied by him 
at that time to Mr. Pitt, lAe ' Chancellor of the 
JExchequer. 

» 

Tub measpref which hsd been recommended ia 
the King's Speeph during the adoiinistratioa of 
Lord jLaMdown were too little regarded .by his 
immediate successors. The same destructive pUn 
of borrowing money was adopted in the year 1784^ 
whiqh had been invariably pursued for the ten 
prececjring years, aqd a needless addition was mad# 
tp t^^ capital of the public debt of near fiva 
millions more than the sum advanced. Wiiea 
Mr. Fitt returned to power, the loans, whighwer^ 
still necessary lo disqliarge the expences of th(S lat# 
\fikr^ w^re conducted upon better principle. Th9 
phtfi. of borrowing. «t 9 high rate oif interest^^ which 
)mA beea so often recommended by Dr. Pricey 
^ best tneaps pf facilitating the redemption o£ 
it\^ debt, w^ now adopted, and almost the whple 
<ff the Navy, Victualling, and Qrdpsncp arrears 
were funded in a stpck biiaring an int^ee^ of^e. 
p0r ceHf. In $h0 year 1796 mis impraveinent in 
the method gf bQrrqwing was suPQesided by otherfi 
of greater importance. The ppbii^.i^K^copnts were^ 
thrown into new order; the former divisions of the 
taxes into four classes under the oame^ of the 
Aggregate, the South Sea^ the General, and the 

liMJifg BumUf weiB aholidmd, und aU iachidcd in 

one 
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one fund caHed the Consolidated Fund. The sun 
plus remaining, after deducting from the whole of 
the taxes thus consolidated all the expences of the 
public debts and the Civil List, correspond with 
what was formerly called the Sinking Fund. Out 
of this surplus a million annually was appointed 
by Parliament to be applied to the gradual dis- 
charge of the public debt ; and it was only what 
remained of it after this deduction that was to be 
disposable for the expences of the peace-establish- 
ment. — This was undoubtedly a very important 
measure, and well deserving the praise which the 
Minister assumed to himself as the author of it. 
From a slight perusal, however, of the present and 
of the other works of Dr. Pricey it will be readily 
seen that this subject had long engaged his atten- 
tion, and that the nation is indebted to him alone 
for the first idea of the measure, and for the very 
method in which it has been carried into execution. 
Had Mr. Pitty therefore, derived his information 
only from those works, he would have bad but 
littk claim to the lofty pretensions which he made 
on this occasion ; but it will appear from the fol- 
lowing account that his obligations extended much 
further, and that the hope which he expressed in 
the House of Commons of ^' having his name 
^^ inscribed on a Pillar to Public Credit, as ils 
*• preserver and restorer,'* afforded no very equi- 
vocal proof that his vanity and ambition wereequal 
at least to his merit and his gratitude. 

On the 8th of January, J 786, Dr. Price re- 
ceived a letter from Mr. Pitt, of which the (oU 
lomng is an extract : 

'' Dear Sir, 

'* The 9ix}ymA of the papers whidi I enclose 

"wUI^ 
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'* will, I am sure, be an apotogy for the liberty 
*^ I take in troubling you, and in requesting your 
•^ opinion upon them. When you have had suf- 
^ ficient leisure to consider them, I sliould be 
•' greatly obliged to you, if you will allow me to 
*' hope for the pleasure of seeing you at any time 
** that fs convenient to you. — ^The situation of the 
*' revenue certainly makes this the time to esta- 
*' blish an effectual Sinking Fund. The general 
" idea of converting the three per cents, iutoafund 
' bearing a higher rate of interest, with a view to 
facilitate redemption! you have on many occa* 
*^ sions suggested, and particularly in the papers 
' you were so good to send me last year^ The 
rise of the Stocks has made a material change 
since that period, and I am inclined to think 
something like the plan I now send you may 
be more adapted to the present circumstances* 
*• There may be, I believe, some inaccuracies in 
^' the calculations, but not such as to be very 
^ material. Before I form any decisive opinion, 
^' I wish to learn your sentiments upon it ; and 
" shall think myself obliged to you for any ini- 
'^ provement you can suggest, if you think the 
*^ principle a right one ; or for any other proposal 
** which from your knowledge of the subject you 
** may think preferabWt'* 

By the plan inclosed in this letter, which Mr* 
Pitt intended to have established for reducing the 
national debt, it was proposed that ] 074. milliona 
of the three per cents, should be converted into 
744. millions nearly oi Jive per cents, by changing 
each jf 100 stock in the former, which bore an 
interest of 3 per cent, into a capital of j£6q...10s. 
in the latter, bearing an interest of j£3.*.Qs...6d. 
Tbia would have produced an additional expence 

• ^ of 
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of J&5 10,000 per annum nearly, which was td 
have been deducted from the million surplus in- 
tended to be annually applied for the purpose of 
redemption ; and the remaining sum of £4QOflOO 
was to have been employed in discharging the 
principal of this^i;e per cent, stock. 

The whole of this plan seems to be founded on 
a principle which Dr. Price had often publicly 
enforced, and which he appears to have repeated 
in his private communications to Mr. Piti, But 
surely no principle could be more grossly mis- 
applied. If a judgment were to be formed of the 
efficacy of a conversion of stock in redeeming the 
public debts from its feeble operation in the pre- 
sent instance, it might well be concluded^ that 
instead of quickening, it retarded the progress of 
redemption : for a million annually applied in thil; 
manner would not have discharged the 744. mil- 
lions o{ Jive per cent, stock in less than 44 years, 
or in a shorter period than it would have dis- 
charged 1074 fTiillions of the three per cents, at gcf. 
In the year 1786 the three per cents, were between 
6q and 70, and therefore had this scheme becnr 
carried into execution, it would have been at- 
tended with the same disadvantage to the public 
as \(20per cent, had been then paid on the prin- 
cipal, more than the market price. In delivering 
his opinion of this scheme Dr. Price very strongly 
urged his objections to it, and Mr. Pin app^^rs 
from the following letter to be impressed by his 
arguments. 

Holu'OodJJill^ Jan. 15,. 1786, 

** I am much obliged to you for the observa-. 
^' tions yoa have been so good to aend me on tb? 

" papers 
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papers I troubled you with. They appear to 
me on the whole very convincing. I shall 
think myself much obliged to you^ if yeu 
would do me the honour to call any morning 
after Tuesday n^xt in, Dpv^ning-street^ when 
you have done' wi(h th^ papers. And if it 
'' should be in your power to let me know the 
day before^ and to fix an early hour^ I can be 
oeft^jn; of bdi\g 9t Insure. The reason of my 
QULfing this i:e^u0st^ \8, ttiat'I ^hink spme points 
may opcur wJucK' may be better explained in 
^^ CQi^vi^satiiQp t\xm by wntin^> an<^ t anri anxious 
'* to ay^i| myaeU to the utmost c\f your assistance, 
*^ where it may be so material. I aip^ ^egr Sir, 
" with great truth and esteem, 

** Your most ohfidifiAt &"d faithful servant, 

" W- Pitt.'' 

In CDitfequwoe of the interview which Mr. Pitt 
had requested ifi tliis letter ;. he wa3 ^t . length so 
far convinced of the weaknean and insufficiency o£ 
his plan as to throw it entirely aside, and Dr. Price 
was induced to communicate to him the three 
following plans of his pwn. 






Vol. I. Y PBAN 



322 Additional ObservdtionSf 






Pt AN I. 



I ( 



Million per ann. Surplus aided by the billing in of the 
Temporary Annuities, ' tife Aimiuties, Eacpences of 
Management^ and converting sixty'^illions of the ikriee 
per cinis, into jfcnir per' cents', by 'providing in tbc first 
fire years <^600^000 per aim. for paying tbe diflcrence 
of Interest. 



Fund. Stock KBi>JSJiM£D. 

S per CcDlfc wiw m ei . 

Surplus i^OOO,OOOat75 .... 1^5,355 

Heeeived in . Exchange 

for siK m.illions of three 

ter cents, converted 

into 4 per cents, at 18^ 

per cent. . ... . . l,100,000*at 75 • . . . 1,466,6^ 

Interest of ^1,333,833 

and ^1,466,666 84,000 

Expence of management 

at SG2\ pel' million 1,575 

Short annuity for ten 

years lapsed 25,000 

Life Annuities lapsed, at 

jP^OOO per cam 2,000 

Management on the Short 

Annuity 351 

Received for 18 millions 

of three per cents, con- 
verted into four per 

cents. 9X20 per cent. . . (3^600,000jat78 « • . .4,615,384 

Oac 
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FcNP» Stock rbdbemed^ 

3 per Ceats. redeemed. 

One year. from the first 

payment 1,112^926 at78 . . . . 1^426^828 

Interest of jf4,615^84 

and jf 1,426,828 .181,266 

Expence of management .... 3,61 1 

Life Annuities lajned 2^000 

Reoeived for 12 millions 
of three per cents, con- 
verted into four per 
cents. jbX 20 per cent. . . (2,400,000) at 81 . • • • 2,962,962 

< — _ 

Two years fix)m the first 

payment I,299,8a3 at 81 • . . . 1,604,695 

Interest of if2,962,962 

and j^l,604,695 . . . . ... 137,029 

Expellee of manageroetlit .... 2,568 

life Anauitiei lapsed . •.....: 2,000 



fl • 



Received for 12 milhons 
of three per cents, con- 
verted into four per 4 per Centi. redeeaed. 
cents, at 20 per cent. . • (2,400,000) at par. 2,400,000 






Three years , 1,441,400 1,441,400 

Interest of jf2,400,000 O 

and if 1,441,400 158,656 

Exigence of management 2,160 

Life Annuities lai»ed 2,000 

Received for 12 millions 
of three per cents, con- 
verted in four per cents. 
at 20 per cents (2,400,000) 2,400,000 
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FCTND. StCMfJC RBDXElfKD. 

4 per Cents, redeemed. 

Four year^ -^f*^^^. 1,599,216? i,$9J,2l6 

Interest of if 2,4(50,000 

and if 1,599,216 . • . ^. .;. 159,968 
Expence of managemeot • * • . 2,250 
Life Annuities laped .^. . t r • •'• 2,000 
Exchequer Annuities lapsed • . 56^250 



Five yean • 1,819,684 1,819,684 

Interest of ^1,819,684 .... 72,787 
Expence of management . • .,. 1,023 
Lite Annuities lapsed 2^000 






Six years , . . . 1,895,494 1,895,494 

Interest of if 1,895,434 .. 75,820 

Expence of management ; \..i 1 j066 
Life Annuities lapsed 2,000 



I 



' "^ '"* '" 6'pc> CcBtd. ledecmed at p»r: 

Seven years 1,974,380 1,974,380 



&c. &c. 



w ■ .... 



I 



'. • » 



. * ■ 
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Frbb Rbvbnub, Stocks rxdbkmbd. 

In 25 years after 
the first pay- dS £ 

ment 5^190^980 • . 135409^869 three per cents. 

^2^59|^990 four per cents. 
* 19^953,649 five per cents. 

Total jf86,323,508 



•M^P*.*** 



la 30 ycwrs after 
the first pay« jP £ 

ment • , 6j345;566 • . 13^409^869 three per cents. 

81,t68,473 fotif per cents. 

19,953^649 fite per cento. 



Total j^l 14,491,991 



In 35 years after 
the first pay- 
ment 



7,511,358 . . 35,633,625 three per cents. 
93,074,916 four per cents. 
19,953,649 five per cents. 



Total ^148,662,190 



In 40 years after 
the first pay- 
ment 8,731,523 . • 75y557,308 three per cents. 

93^074^16 four per cents. 
19,933,649 five per cents. 

Total j^l88,585,873 

I, . 



• lo this plan 95 millioai of ftock are paid off (n levea ytan. Tha 
^oe per oeiilt. tlierefore bfcome redeemable at par, and the whole debt 
in that stock is diicharfi;ed at the end of 15 years. From that period the 

Saymeot of tlie /our ^fn cent*, acatn commencei, aad the whole of diem 
I paid off in the S2d year, from which time the ikrtB per cento, continue 
10 IM icdMMcA itt pgi dMDS tlii tevahkter #f tbD4el«i« 
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PLAN 11. 



Million p^ annum Surplus, aided by the falling in of the 
Temporary Annuities^ Life Annuitite^ ExpenGe of 
Management, andi ^^600,000 per arm. added to the 
Million Surplus by niew Taxes, or Saviiigs, in the first 
&Yt Yean without Conversions. 



Fund. Stock rbdKebixdi 

S per Cents, redeemed. 

Surplus 1,000,000, at 75 . • • • 1,333,338 

Interest 40,000 

Management 7^0 

Annuities lapsed • . . . 25,000 

Management on those 

Annvities 3 A ^ 

Life Annuities lapsed 2,000 



t 



One year 1,068,101, at 78 ... . 1,369,360 

Interest 41,081 

Management 770 

Life Annuities lapied 2,000 

Additional tax* 60,000 



• The addUioiM taxei iMve ben introdaefld into this Table « |rtar 
too late, by which the Fund loeei the interest of a£600,000 for a jear, 
that is, 3^24,000 ; which would have made the free rerenoe, after 40 
yean, abont ^4000 more than it it by this Table, and the total of Stock 
cedoencd in the same time about af hOO.OOO cheater. 

Tiro 
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Fund. Stock redeemed. 

3 per Cents, redeemed. 

Two years 1,171,952, at 81 .... 1,446,854 

Interest * . 4S,405 

Management 814 

Life Annuities lapsed ...'.•... 2,000 
Additional tax 180,000 



4 per CeDti. redeemed. 

Three years ....'. . . 1,898,171, at par ... 1,398,171 

Interest 55,927 

Management • 7^6 

Xfife Annuities lapsed 2,000 

Additional tax 1 20^000 



Four years 1,57«,884 1,576,884 

Interest 63,075 

Management 88/ 

(afe Annuities lapsed 2,000 

Exchequer Annuities lapsed 56,250 
Additional tax 120,000 



Five years 1,819,096 . • 1,819,096 

Interest 72,76S 

Management • • 1023 

Life Annuities lapsed 2,000 

AddiMonal tax 120,Q00 



Six years 2,014,882 ........ 2,014,882 

Interest • 80,595 

Management 1,123 

Life Annuities li^>sed 2,000 



Seven years. • . • 2,098,600 2,098,600 

&c. &c. &c. 

In 



sis AddiMm ' Ohi^ations, 

In 25 mrs . . , bfiX^fiH^ . . 21,258^25 three per centi. 

32,769,418 four per cents. 
» 1 9,968,69 1 five per cents. 

Total af 73,996,334 



In 30 years .... 6,069>709 . . 48,983^157 three per cents. 

32,769,418 four per cents, 
1 9,968,69 1 live per cen ts^ 

Total' .5^01,721,266 



In 35 years . . • . 7,060,130 . . 81,258,874 three per cents. 

8!?,769,418 four per cents. 
19^968,691 five per cents^ 

Total ijf 1 33,996,983 

In 40 years .... 8,206,994 . . 1 18,784,236 thiWper cctrts. 

32,7^9^41 ^ four pet 'cents. 
19,968,691 five per cents. 

Total j^l71,522,335 



* At the expiration of^^ Vprars ^^80,760,855 in the/vnr per cenh, aad 
4,974,151 Stock in the <Md|irr centi, are paid off. FVoa this periid, 
therefore, the ^ve per cf^^ become redeemi^bk^ . T^ese (ue all dis- 
charged the beginning of Ihe^^l) year, and in two years more the re- 
mainder of the four per cents, Ji^ redeemed. fVom the f9d year the t^rtt 
per cents, are paid off at par, to the end of the term. 
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PLAN III. 



Million per annum Surplus, aided only by the falling 
in of the Temporary Annuities, life Annuities, and 
Expeaces of Management. 

FuNj>* Stock aisoiycMED. 

3 per CentB. redeemed. 

Surplus 1,000,000, at 75 ... . 1,333,333 

Interest 40,000 

Management* 750 

Ten Years Annuities lapsed . . 25,000 
Life Annuities lapsed 2,000 

One year 1,067,750, at 78 ... . 1,368,910 

Interest 41,067 

Management 770 

Life Annuities lapsed 2000 

Two years 1,111,587, at 81 l,372;i29 

Interest.. 41,170 

Mam^ement 772 

Life Annuities lapsed 2,000 

« 

« Since Uiese Tablet were computed, (he ezpencei of management 
liave been redaced to ^450 per mUlion ftr ann, ; bat the difiercacc this 
mftkfi ia the results is too inconsiderable to deserve notice. 

Three 



330 Additional Obiervfltiom, 

Fund. Stock rboeeiixO' 

4 pf^r C^nii, redeemed. 

^ £ 

Three years 19155,529, at par . . . .1^155^529 

Intercast 46,221 

Management 650 

Life Annuities Ia[)sed 2,000 



Four years ♦ 1,204,400 1,204,400 

Interest 48,176 

Manageraent 677 

liife Annuities lapsed 2000 

Exchequer Annuities lapsed . . 56,250 



Five years 1,31 1,503 1,31 1,503 

Interest 52,460 

Management 738 

Life Annuities lapsed 2,000 



Six years 1,366,701 1,366,701 

Interest , 54,668 

Management 7^9 

Life Annuities lapsed 2,000 



Seven years 1,424,138 1,424,138 



• Alt tbe redemptioift in these plans, after the first three yean, are 
r apposed to be made at par. Exchequer Annaitict, asaaBliag ta ^£80,000, 
uti to the food in the 20th year, and i£404,392 per ana. (being the 90 
)cars aoDuity) in the 22d year. 
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Frbb Rbvxmub. Stock* bhdkembd. 

£ £ 

In 35 fnn 3,892,631 . . 4fiJ4fi72 three per cent*. 

S0^90,2'43 four per cents. 
. 18,039,875 five per cents. 

Total ^52,50-1,090 

In SO years 4,S79,73l . .21,056,177 three per cents. 

34«283,074 four per cents. 
18,039,675 five per ccals. 

Total jf73,379,l26 

la 96 years 5,330,252. .45.416,595 three per centL 

, I 34,283,074 four per cenU. 

18,039,875 five per cent*. 

Totd jf 97,739,5'*4 

In 40 years .. . .6,196,104. 73,747,452 three percent!. 
34,283,074 four per cents. 
18,039,875 five per cents. 

Total j^l26,070,401 
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EXPLANATIONS AND REMARKS, 



BT 

DR. PRICE. 



" IN the first of thepe plans the three per cenU. 
are supposed at 75, and the difierence of ptioe 
between them and new four per cerkts, suppoaedto 
be maije Jirst redeemable when under par^ but 
irredeemable when above par till 6o roillions of 
other stocks were redeemed, is reckoned at I84..— • 
The market difference of price between thepreiaie 
/bur per centf^. redeemable at pleasure^ and the 
South Sea three per cents, when this plan was 
formed (the latter being then at 68) was above 20. 
Was it not roasoni^ble, therefore, to expect that 
the holders of these .annuities would eagerly have 
taken at 18-f per cent, an exchange of them' for 
such new four per cents, as those just described, 
and therefore much more valuable ?" 

" J£J8. . . 6^. . . 8rf. for every £iQO three per 
cent, stock converted into a four per cent, stock 
would have produced just -^1,100,000 for the 
conversion of six millions. ^20 for\he conver- 
sion of every ^100 stock would have produced 
^1,200,000 for the conversion of six millions.** 

^' This conversion was taken in the first plan at 
1 84- per cent, the first year, and only six millions 
were supposed to be converted, and ^1,100,000 
then gained for the fund ; because the first year 
was supposed to be a year of experiment only, and 

therefore 
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therefoM tnorfi liberal llerms were supposed to b6: 
dfrered.~Should the expMment hav^ tuooeedi^^ 
ddd th^ difference df price; between the tbied per 
ceatSi and the new four per cents; .have n%ea 
ab6ve ^20, the former being above 75, k eon-' 
Version inight hav6 been of&red the second y^»v 
lit 20 per ceni. of 1 8 milhons into four per oents« 
not redeemable till a larger amount of stod^s 
should have been previously redeemed ; and after- 
wards in the three foRowing years, a third, 9 
fourth, and a fifth conversion, at the same price 
of twelve millions each year as specified in this 
|>laki, the amount of stocks to be previously re-^ 
deemed to be increased every successive year $ in 
^tonsequetioe of which the last 12 millions would^ 
without any effect on the efficiency of the plan^ 
have dome to be declared the last redeemable of 
108 millions/' 

*^ Should the Stocks have risen, as is supposed 
Ih these plans, greater sums than these specified 
would probably have been gained by the proposed 
tx^nversions, and therefore the results in the first 
filan increased«~rhere were advantages, not im- 
lonediately apparent, which would have been gained 
by these conversions.— ^-First^ the public would 
htfve availed itself by them of the want of con- 
ikience m/Ei plar> of redemption which must more 
br less hive taken place at first. For the less the 
public confidence had happened to have been, the 
^;re&ter would have been the effect of the regulation 
proposed in raising the value of the new four per 
cents, and consequently in gaining money for the 
fond.'' 

' ^^ Secondly^ it is particularly worth attention 
that it would have diminislftd the loss that might 
have accrued fhnn an interruption of the scheme^ 

should 
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fhould an interruption have happened after 
^sglSoo^OOO per ann. had been added to a million, 
surplus for carrying on the scheme. Should, for 
instance, the scheme have been intemipted ip the 
seventh year of its operation, and after the fund 
had increased, according to the 6rst Table to 
^1,974,380 and redeemed 25 millions, and, by 
the 2d Table, to ^2,098,6oo, but redeemed 
eniy eleven millions; the public would liave 
gained, by the measure of conversion, the excels 
of the interest of 27 millions above 13 millions; 
and, therefore, the addition of ^t)00,OOQ per arm. 
to the fnnd in the first five years (which both the 
first and second Table suppose) would have been 
nearly replaced, if the plan in the first Table had 
been adopted. Two advantages, therefore, would 
in this way have been obtained. — 1st. The advan- 
tage of a redemption of fourteen millions loorc 
than could liave been redeemed by the plan in 
the 2d Table. And, 2dly, the advantage (should 
the scheme have ever been resumed) of having 
had 6o millions of four per cents, to be redeemed 
by a Sinliing Fund, instead of 6o millionsi of tliree 
per cents, and consequently a much more easy 
and rapid course of redemption.** 

*< At the end of the 40 years it is to be cb- 
served that the plan in the iirst Table would have 
redeemed 188^ millions, and the plan, in the 
second Tuble ]71t millions; but that even in the 
first four years the first plan would have redeemed 
in the same time only 5-^^ millions^ and but little 
more than the plan in the third Table* Tbil 
pointed out a farther and a very considerable re- 
commendation of the first plan^ and that was, the 
particular vigour wirii which .it would have ope- 
rated at its outset, when vigour was most wanted^ 

and 
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and would consequently have brought thtjive per 
cents, into a course of redemption in six years, 
which would not have been done by the second 
plan in less than 13 years, nor will it be done by 
the third (which is now carrying into execution) in 
less than 1 6 years.** 



Such were the observations and arguments urged 
by Dr. Prke in favour of the iirst plan. But the 
Minister chose to adopt the third and the weakest, 
from an apprehension, if he adopted either of the 
two other plans, that he should be obliged to 
load the country, in the course of five years, with 
new taxes to the amount of half a million. Happy 
bad it been for the nation if he had always enter* 
tained the same apprehensions. — But he soon 
threw off every anxiety of this kind» and in 
a much shorter term than five years had very 
little hesitation in creating new taxes to the 
amount of ^800^000 per annunif for purposes iQ 
calculated to assist the operations of the Sinking 
Fund. 

From the inspection of this plan it appears that, 
with the aid of the temporary annuities, the ap- 
propriated million will in 26 years increase to four 
millions per annum, and redeem above 56 millions 
of Stock, and that in 40 years it will increase to 
more than six millions per annum, and redeem ) 26 
millions of Stock. — But it was directed by a clause 
in the Act of Parliament which established this 

!)1an, that the accumulation of the fund should be 
imited to four millions a year, and consequently 
that the operation of compound interest should be 
changed into that of simple interest just at the 

time 
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lime when it would have redeemed a greater 
tioD oir the debt in the next 14 years than it bad 
done in the 26 preceding years. Cooipared, 
however^ with what "Nlr. Pitt first intended to 
have established^ it deserves reispect 1 and though 
enfeebled and mutilated by his alterations^ it oer-* 
tainly was capable of having done much in re« 
lieving the country from the pressure of its 
burthens. But the public debts have increased 
since its establishment in a degree so enormous as 
to render it now a matter of little consequence 
what plan the Minister may chase to adojpt for 
their redemption • 

The following rtatements exhibiting a view of 
the. national debt in the year. 1786^ when the 
CoTisolitlated Fund was first established, compared 
wit^.its amount in 1802, afibrd but Iktie cn<*> 
cDuragement to hope, from the direction in which 
Mr. I^ti andhts successors have proceeded in their 
mahageraent of the finances, tliat the redemption 
of the public debt is likely to be soon.accom*- 
plislied, unless it be by a process whose operations 
are very different from those of compound interest* 



Amount 
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^ Amouni of the Fohdsd Dwm in the year 178^. 

£ ■ £ 

151^302 Etchequer Annuititt for 8 and 
22 yetn then worttt at 5 per 

cent ljS59,000 

25,000 Bank Annuities for 10 yean 00. 88,500 
82,317 Life Annuities, takeo-at 10 yean 

purchase '• 823^170 

680,375 Bank Annuities tot fi year^ 

then wordi at 5 per cent .••• 13,274,117 
404,332 Do. for 24 yean Do 5,579,781 



1,323,226 Lafe and Temporary 

then worth 21,124,568 

Stock in the 3 per cent. Bank and Sooth 

Sea Annuities 187,611,264 

Ditto in the 4 per cent CoiiBQlidite4 Bank 

Annuities S2,750,tXX> 

Ditto in the 5 per cent. Bank Annuities .... 17i868,998 

Whole capital of the Funded Debt . . jf259,355,815 

The annual Interest and odber chaiges payaUc on %q* 
oount of this debt was stated in the Jteport finom die 
Select Committee of the House of Ommoosj to be 
4£^,266,940. 
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Amfmnt of the Fvmies Dbbt in April 1602. 
^80^223 per ran. Excheqaer Annuities, £ 

• a^nriog in 3» 4, and 5 yeacs, 
.worth in prcKnt moncj* . • . . 2O7j0Q2 
Life . Annuities granted chiefly before the 

present' reign, and amounting to ^7^^ - 
' pef annum y Valued* at 7 yc^urs purchase . .« 526,444 
Annuities with ' benefit oF Survivonhip a- 

'" mounting t<?; ^£'540 peramitfm 18,000 

£-^^9. per aniiunl ^ank Anaiuiies, ex- 

1 /. piWng in^ 1808, ^ow .worth . . 2,236,900 
if r,OOl,555 per ahnmh Ditto^ expiring in 

' " " 18G0, now worth 22^1,300 

Present value of Life and Temporary Ann*. 25,511,646 
^tock in the three per cent, Perpetiud An- 

nuitiest 466,674^87 

fottrper cent. Ditto 49,425,085 

Jive per cent. Ditto 50,478,039 

Borrowed on a* Tontine in 1789 1,002,099 

593,091,456 
Deduct the Stock redeemed by the Sinking 
Fund..... 59,588,904 

533,502,552 

Imperial Loans, Stock in the 

3 per cents, unredeemed .... 7^193,906 
^£"280,000 per aim. for 18 years 

worth 2,931,120 

. . .10,125,026 

Unredeemed Funded Debt of Great Britain ^£"543,627,578 

« The valnei of these and the folio wiii||;a«raitScs have bcm conpAel 
•t/osr Mr flcaC and oa the tappositioB iIhU tbey are payable kdlfifem^f* 

f Of Uiif Stock 1^18,001,148 are Uated to be rtdecmcd by the talc if 
tbeLaadTkzi bat while that tax b aonaallj tokeo in the *« Wajiail 
Meant ** at the ninal mm of two bIUIom, It woald l»e as abMid li 
deduct the stock thus redeeme d fhmi the aoMrant of the pnblfc tfcbt^ ai 
it would be for a person who had sold hb estate to eontlnne icckoahif 
the prodnee of it as a part of his yearlj Incoase. It has, indccdf af laie 
been the castom to doignate this tax by a difercBt appellation, aai If 
call it a «* tax of 4t. in the ponnd on pensions, places. &c.*' leavlif Ihf 
word toad entirely ont of the account. Bnt sach sobterfnfes as* M* 
MBlemptlUc eren for thott who haTC reconiac to them, 

... . b 
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In the year I7169 when Sir Robert JValpote 
undertook to redeem the public debts, they did 
not much exceed the sum of 40 millions : But 
during the course of 22 years accumulation and 
redemption proceeded witK such equal pieu:^, that 
in December 1738^ when the produce of his 
Sinking Fund was wholly alienated^ those debtf 
amounted nearly to the same sum with which he 
commenced his operations* In the year 1786, 
when Mr. Pitt engaged in a similar process^ the 
profusion of his predecessors had so far exceeded 
their economy, as to increase the pixblic debts to 
259 millions ; but in less than 16 years from the 
establishment of his fund, althougn Go millions 
nearly had been redeemed in the mean time^ 
those debts had swollen to the enormous sum of 
543 millions, and the annual expenditure necessary 
to provide for them amounted to such a sum as 
would have been sufficient in two years to dis« 
charge the whole debt when the first Sinking 
Fund was established by Sir Robert fValpole ! 

It should be observed that, in addition to the 
million appropriated to the redemption of the debt 
in 1786, the sum of ^1^200^000 was annually 
voted by Parliament for the like purpose^ and that 
these sums, assisted by the temporary annuities 
which have expired since that period, had re- 
deemed 40 millions nearly. The remaining 20 
millions have been discharged by another Sinking 
Fund established in the year 1792, agreeable to 
the plan recommended in the preceding chapter 
of this work ;* the design of which was to pro* 
vide that '^ in all future loans, £\ per cent, oii 
the capital borrowed should be applied annually. 



* SftpageS85. 

z 2 . together 
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together with the accumulating interest, to the 
redemption of that capitital.** In consequence of 
the unprecedented expenditure of the last war, the 
annual amount of that fund, exclusive of the in* 
terest on the stock redeemed, exceeds jf 2,50O^O0a 
Nor docs this sum> great and enormous as it must 
appear to be, give an adequate idea of the whole 
expenditure of that disastrous period. The Mi- 
nister finding himself unable to proceed any longer 
on the system of funding, had recourse during 
the last four years to a variety of expedients for 
raising the supplies : such as forced loans, volan- 
tary contributions, tripled assessments, and above 
all to that solid system of finance, the Tax uhon 
/name, which was to have discharged tbe debt 
almost as soon as it was contracted. But thes^ 
wretched expedients having all failed, they were 
successively abandoned, and the Minister waa 
again obliged to have recourse to the old system 
of funding, which he had so lately declared to 
have been entirely exhausted. By chu&ing to 
confide to those expedients rather than to make 
effectual provision for the debt, new taxes be- 
came necessary for j^56,445,00O funded oq 
the credit of the Income Tax. This debt, to- 
gether with a?28,7 50,000 funded in the year 
1602, requiring above two millions and a half per 
annum to be raised merely for interest, it was found 
impossible to raise a further sum of i|?850,00O 
per annum for the redemption of the debt. Henoe 
the new Sinking Fund was abandoned, and a 
debt of 85 millions created without any parti- 
cular provision for the discharge of it. In order, 
however, to console the nation on relinquishing a 
measure for which the Minister claimed so much 
credit to himself and the countr}', a new expedient 

was I 
5 
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wM adopted. In lifeu of the two former Sink- 
ing Funds a new 6ne ^bs tatablished, which 
by les^niiig the meanii; was said to have the 
surprising dftfct of increasing the pdwer df re- 
demption. By this plan a1) the debt created be- 
fore and since the year 17 66 \^as consolidatedj and 
the Sums which were separately applied to the 
discharge of the old add new debt were united in 
one account and applied to the discharge of the 
iirAtf/tf. The sum of ji?'iOO,6oo annually voted 
by Parliament in aid of the Sinking Fund was also 
made' a perpetual grant for that purpose, and the 
aocufnulation is no Idngef to cease, as in the 
former plan, whenf it has amountied to a given 
sum, btoriji' to proceed tmtil the entire redemption 
of the fMiblfC atbt' 7s completed. The assistance, 
h6i;^e^^, Which the fouM was to have derived 
ff6m the ftlling iVrof the temporary annuities, and 
the Ruction' of stock beairing 4 and S per cent, 
to a lower ititereit is now Withholden from it, and 
the Minister has already anticipated sbitie of these 
future resouroes by bortoiiiririg money on the re- 
▼ersibn of them. But notwithstanding this antici- 
pation— -notwithstanding the neW Sinking Fund isr 
charged with the payment of 85 millions more 
than the two former ones,' oiir prospects are said 
tso be highly improved, and it is demonstrated by 
a long series 6f computations,- that if the nation 
should be blest with an uninterrupted course of 
peace, and the management df its finances be as 
much distinguished for economy as it has hitherto 
been for the want of it, tii»t the debt will be dis- 
charged, and every incumbrance removed about 
the middle of the present century ! If any are 
soothed by such prospects, let them look back to 
the ev^ts of the last century — let them recollect 

that 



342 Addtttonal Observations. 

that 40 years of it have been consumed in war^ 
and that more than 540 millions have been added 
during that disastrous period to the permanent 
debt of the country. With such woeful experi* 
ence of the past, is it possible to look forward 
with confidence, or even with hope to the future? 
While the same passions prevail among the go- 
vernments of the world, must not the same con- 
sequences inevitably follow ? Can any person be- 
lieve that the present century will be exepipt from 
the calamities of the last ; or that in the war in 
which we are now engaged, the enormity pf the 
taxes will not render it necessary tp alleviate the 
public burt/iens* by making fresh inroads into 
the S'mking Fund ?<— Perhaps the Minister will, 
like his preidecessor on a former occauoot con* 
sole the country by observing that ^^ a fisw 
years in the existence of a state are not to-be 
counted, and therefore that it is of little oon* 
sequence whether the bright prospect oi re- 
demption shines upon the middle or the close of 
this century/'— The present relief prodoced by 
the alienation of the fund will give force to these 
delusions, and in proportion as its operations are 
enfeebled and prolonged, the public will become 
less anxious about it ; until, losing all concern for 
the interest of a remote posterity, and glad to 
procure even a temporary relief from the growing 
pressure of their burthens, they abandon it alto- 
gether, without any other prospect of the debts 
being terminated than by the utter extinction of 
the credit and resources of the country. M. 

* See the preamble to the Act for establishing the new 
Sinking Fund. 

NOTES. 
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N<^te(A). See Question III. Page 1 ] . 

ET £ be any given expectation of Life ; and 

■ ^ ' X px will be the number of persons alive 

at the end of x years^ arising from p persons left 
annually as widows (or added annually to a town 
or society) at the age whose expeclatian is E. 
Tlie maximum^ therefore, is always jpE ^. In Mr. 
DeMoivre} ffypothesis, £ is always^ the difference 
between the ^ven 9ge and 86. See the Note^ p. 2, 
and the latter end of the Note in p. 3 p. See 
likewise the beginning of the First Essay, .in 
VoK II. and Note (K) in the following Notes, 
where the investigation, of this rule will be given. 

It will not be amiss to give the following ex- 
ample of the application of this rule. 

At the time of the commencement of the 
scheme among the ministers and professors in 
Scotland for making provision for their widows^ 
i|L was necessary, that a calculation should be made 
of the number of widows that would be upon the 
scheme at the end of every year till they came to 
a maximum, on the supposition that, (agreeably to 
wliat particular enquiry had shewn to have hap- 
pened for many preceding years,) 20 new widows 
would be left every year*. In order to make this 
calculation, let 4 oi the 20 widows be supposed 
to be under 32 years of age when left ; and let 28 
be supposed their moan age; Let the same num- 

* For a tenn of 35 years and eight monthii, being from the 
commencement of tiie scheme to the year 1783j this number 
was i9 iV« 

3 ber 
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ber be left between 32 and 39, and let 35 be their 
mean age ; between 39 and 47f and 43 their mean 
age ; between 47 and 57} and 52 their mean age; 
between 57 and the extremity of life, and 63 their 
mean age. The number in life together to which, 
in ]0 years, 4 widows left annaally at the age of 
28 will growj is^ by the rule, (£ being 29) 

"^"l'^ X 40, or 36.55.— —The number alive at 

the end of 20 years, will be ^|^^ X 80, or 66.2. 

At the end of 30 years, the number alive will be 

89 ; of 40 years, 104.82 ; of 58 years 1 16. 

These numbers, found in the same way, for the 2d 
class, (E being 25.5,) at the end of 10, 20, 30, 40, 
and 5 1 years, will be 36.7 — 64.31 — 84.7 — 97-25— 

102 For the third Class, (E being 21.5) at the 

end of 10, 20, 30, 40, and 43 years^ 35.34 — 6 1.4 

— 78.13 — 85.6 — S6 For the 4th class, (E 

being 17) at the end of 10, 20, 30, and 34 years, 
34.1 J— 56.47— 67— 68 F or the 5th class, (E 
being 1 1 .5) at the end of 10, 20, and 23 years, 
31.3 — 45.2 — 46 ^The whole number, there- 
fore, consisting of all the classes, will come to a 
maximum nearly in 58 years; and the totals in life, 
at the end of 10, 20, S0« 40, 50, and 58 years, will 
be 173.37 — 293.58— 364.83— 401.67-— 418. 

These determinations suppose none to marry. 
In lOycirs, from I757 to 1767, I have been in* 
formed, that but 9 widows married. Let us then 
suppose, that one widow of the first class marries 
every year; and let all that marry be supposed 
to continue, one with another, 5 years in widow- 
hood before they marry. On these suppositions, 
the foregoing totals will, at the end of ^e same 
periods of years, be l69.23«—282«— 347.5— 
380.47 — 394. 

These calculations ere made from Mr. De 

JMoivre^s 
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Moivre's Hyothesii. Had they been made ex- 
actly from Dr. Halleys or the Northampton Table, 
the results would have been very nearly the same. 
See more on tlni subject in note F.(«) 

(•) This (heorent if deduced from a flaxional compntf- 
ttan in Noto (K) { btK it aoj to drnnoannied without hVaag 
reconne to ouxioni in ibe fiillowing maaoer: Supame at 
Ibe llnoe cf adminion there 4i>ere 50 penon* aged So yean, 
or a Bumber eqaal to their comtnocr complement. SuppMA 
•twtbe amw namber vers added aUndally M the lanw^a 
<X S6. In the rectuiglwl iMMceiea tii>ogl« ABO lu U 
(>3B0)lMMt5«, ortheA^ 
complentent of a Fife at 36 

CD (= DO) be - 49. EF 

(ss FO) U s:48, aiul ao Dd. 
Hence mt wifl Im ^ 1, BF 
= 3, BH = a. Sec. BV the by- 
potbeui of an equal M cwi aent 
of life it ia evident tliat un- 
der ibe circunwuncea of this 
cue dte area A BCD, or 
SAB - BD -^ .„ 
■ ■ — — X Biff- Win espresB 

lb* Dumber of. amtait^iKa at 




BDFUK 



tbacndoftbefintyear; the jtm AB£F. or ^. . ■" ^ ■ x »> 
the Domber of annuTtaAts at the end of the 3d year j^ the arei 

ABGlf> at ', — ~ X BIj, the aambcr of aDmuttala at 

tbs' end of the Sd jresr, and lo oa. If (be ntuaber' ef 
J«an be r, tbe amiritintt liviof will be — — x x, ot 

—^ — X « ; for AB being constanOy = 30, or the com- 
plement, will be twice the e:(pectation, or SE. As 50or 

SB, (the nambera of pemni admitted anauallj) U to, 

—X — X X, (ttie namber of anmitianti at' the eaM' ot m 

^ars) n b an^ other nnmber- (;r) K>— - — x px, iJleflnnr-' 

ber o£ awiuitaDti ia the aamc time from (p) ffntm adaahtedC 
jcarlp at the ^e whose expeciaiiou is E ; and when a bi.-comea 
aqnil to BO (^ AB at <£), Um namber of annaitami «itl 
arrive at it* maximum, and be coiutanilr expretied bv the area 
j>E. a£.D. M. 
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Note (B). Qaestion VI. Page 23. 

mJET r signify the sum of ^1 and its interest, 
for one year. The value of a life, whose 
complement is n^ being (by Mr. De-Moivre on 
^nnuiiiesy 4th edition^ P* 14, and page 100,) 

H-^l.n — 2,n — 3,11— 4 « ,• . 

+ -13- + -n:3- + -i4-. te. -the present 



value of the remainder of it after two years must be 
2^ + ~^, &c. which is equal to ^X~X 



ft — 3 11—4 , n— 5 . 

■ + =.-=^ + , » ecc> 

Now •- is the present value of ^l due at the 

end of two years. ^ "" --^ is the probability that a 
life, whose complement is'n, shall continue two 

,11-3 ,n-4 ,n— 5 ^ .. 

7ears, and ==- 4- ====- -f — ss:— , &c:isthe 

valiie of a life two years older than the life whose 
complement is n. And, therefore, (^nce any num- 
ber of years less than n may be substituted for 
two years) the first rule given in this Question is 
right (p). 

. The 

ft 

(fij The rules in tbis and the following Notes are demon- 
Btrated rather more satifactorilj, and with equal ease and per* 
sptcuitjf from t)ie real probabilities of life. 

Ltt a repcesent the number of persons living in the taUe 

at tht age of A, and b, c, d, e, &C the number living at the 

end of the 1st, 2d« 3d, 4th, &c. years from the age of A. 

Mow «ioce the value of an annuity on the life of A Is known 

bed 
to bi s — -)- -:^ + -^, &c. Ibe value of tbit aooulty after 

twa 
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The same process^ applied to joint lives, will de- 
monstrate what is said in the Schelium, 

two 3'car8 on the same life will be = — r -4 • -¥—,. S:c. wm, 

' ar^ ar^ ar^ 

i X - X — + -^ + ^, -f &c. But — 11 the probability 

d % f 

that A Uvea two yean^ and the aeries 1- -r; + ^» 3rc« 

cr cr* cr* 

is the value of an annuity on a life two years older than A. 

The general rule therefore in the 6th Question is right ; for tt« 

feasoniog applied to this particular case will also apply to aw 

other intenral between the present time and the period at wlucn 

the annuity is, to oommenct . . M. 



Note 
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l^te (C). See Question VH. Page 35. 

X^JB^ kB6 ettimpteoiente of any two aaqgiied liVea 
faawand^. *Dve^pyedem vdtoof thb iirM mI^ 
iffble payment of an annuity i6 Be dnjoyedt by 
the life whose complement is n^ providra £oiA 
lives continue 7 years, and the life, whose comple* 
inent is n survives the other afler that term, is the 
probability, that the life of the expectant shall 
continue 8 years, and the other life 7 years and 

then fail in the 8th year, multiplied by ^ , or by 

^1 discounted for 8 years. — ^The probability that 
the life of the expectant shall continue 8 years is 



— 8 



The probability that the other life shall con- 

tinue 7 years is — -. The probability that it shall 
continu e 7 years , and fail in the 8th year is 

— ^^ X 1 — ^!~; = - . The probability, therefore. 

(hat the life of the expec/an/ shall continm^ 8 years^ 
and the other lifecontinue7years and fail in the 8tb, 

is -^^ X - ; and the present value of the first possi- 
ble payment of tne annuity supposed, is 

See The Doctrine of Annmties^ by Mr. SimpsoHf 
p. 6 — 15, or his Select ExercUes^ p. 315, &c. — — 
In like manner, the present value of the 2d pay- 

' ment^ 
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mcnt, at the end of theQthyear, may be found 
the present vd^Me of |dl the possible payments, 

r^ ^ «r ^ 13 "♦^ jir» ^ w ^^ "ITri ^ TIT' ^^' 

But this series is eqqal to ^ X ^^-^^ X ^^-^ x 
» — < 1 . »— 9 2 . »— 10 3 - 

«-7r m-r Jt-7r» m-Z * n-Tr^ si-T* 

&c. Now ===• X -— ^ + ===: X z > &a 

n — 7r w — 7 « — 7r* . m*— 7 

is the value of an annuity for a life seven yeaWi' 
older than the expectant^ after another life seven 
years older than the life whose complement is m. 

2-^ X — — is the probability that both the 

assigned lives shall continue 7 years. And -^ is 

the value of ^1 due at the end of 7 years. The 
nile, therefore^ given for solving this question^ is 
right. 

This demonstration^ as well as that in the last 
note, is^ for the sake of more ease and clearness^ 
applied to the hypothesis of an equal decrement of 
life. It does not, however^ depend upon it, but 
may be applied to any table of observations (y). 

(y) Let a, i, c, cf, e, f^ Sec. represent the rame quantities 
ss in the Receding Note. Let m re pr eie nt the nuffiber of 
penoDS living at the age 6i B, and fh Of pf q^ s, Ac tb» 
number living at the end of the 1st, fld^ dd, ire. jears from 
the age of B.— B7 reasoning in the same manner with Dr. 
Price in the solution of this question, and foppostng the first 
payment of the annuity to become due at tne enid of the 

£ P mm n dp 

4th year, its present value will be = - x _J « — ^-r- x 
^ «f 
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i«p-k> 



of the5thycarwiUbe=^x ^—^ * "^ x -^^ - -^ 
'' a mr* amr^ an dm* 

the present value of the payment at the end of the Oth 
jf p — f dp £ pt 

fear will be =s - x - — r- = — ^ x -rr - -frT* ^nd lo on. 
' a mr^ amr* dr* dpr 

Hence the whole value will be = -r^ x :r + -rr + -§-;» &c, 
dwr* dr dr* dr* 

^x-^+ T^ + 'T^ + &c. Let A and AB denote 

amr* dpr dpr* dpr' 

the reipecttve values of annuities on the single aod joint lives 

of two persons 5 years older than A and B, and the geoeraJ 

dp "^ »^ ' 

value will become » -^ x A- AB. Q.E.D. 

amr* 

M. 
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Note (D). Question IX- Page 3%. 



J^ET the complement of any two assigned lives 
be n and m, and the given term be seven years, 
as in Note (C). The probability that the former 
life (supposed to be the life in expectation) shall 
last 8 years, is, by Mr. De Moivre's HypothesiSj 

; and the probability that the latter life 

shall fail in 8 years, is - ; and the first payment 

of the annuity mentioned in this question, de- 
pends on the happening of both these events^ the 

probability of which is ^"^ x -. 

The present value^ therefore, of the first possible . 

n ^B ft ft 

payment of the annuity is — :::^ x - .——In like 



«rS 



m 



manner, the present value of the second possible 
payment is ^'— X ^ ; and of all the payments. 






X -, &C. But 

m 



I = "-5.- X I + =^' + s- •"« fo^s""^ «- 

ries, therefore, is equal to the two series's -7 X 



nr 



^1 i'' — 9,^2 , «-10^3« ,1 

X - + — r X - H r- X -, &c. and^ 



nr^ 



m' 
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X -r X « + TrV- X« + -1^X-.&c.orto 

- X X X =^ X ; + =#-X 

*"! . «- 10 3 . ^1 7 It — 7 

— ; + ==r, >^ — :»&c.+- X - X X 



'-=i^— + =^=T + ===• r, &c. which is Um ?cnr 

»— 7r Ji — 7»* » ^ 7r* ' 

rule given for sdving this questioa {f), as will 
appear from Notes (B) and (C). 

(f) Betaxning the same qrmboli as m the two fiireeMiia 
Notes, (/3) and (y) and sappoiog the first iMynient of tho 
animitjr to become doe at the end of the m jeary tbepre- 

ieot talue of the several pajrnatote will be ss - x 



« fw* a. tnr* ar* ir ik* m* 



UE.O. Jl. 
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Notie (E). See the Scholiam to Quest. X. 

Page 36. 

According to the calculations, the time in 
which the first yearly payment of a reversionary 
armuity becomes due, is the end of the year ia 
whidi the event happens that entitles to it, how- 
ever little or much of the year may then happen 
to be unelap^ed. And this, likewise, is the time^ 
when a reversionary mm becomes due. Those who 
know how the calcutations of the values of rever* 
aions are instituted^ must know this^ But an an* 
jiuity^ the first payment of which i^ to be made at 
the same time with another payn^ent of a sum in 
hand, sufHdent to buy an eaual annuity, is worth 
Dne year*8 purchaae more than that sum. For 
instance. Reckoning interest at 4 per cent, and r 
l!«ing £\ increased by its interest for a year, pr 1 .04 

+ ~ + -J, &c. ns £ib is the present value of 

i^n estate of ifil p^r €^nmm i^ ever, Xhat is, \\ 
is the value of it, supposing the first rent of it 
is to be paid a year hence. — If the first rent is to 
be received imntediately, or at the sam<; time vith 
another payment of j^ 5, it is worth one year^f 
purchase more, or equivalent to jf26.-^I hav«| 
BOt found, that any of the writers on ^qnuitiM 
and reversions, have attended to this observa* 
tion. It 9i;i{ifg«sts a correction necessary to ba 
applied to the common solutions of several im« 
portanf problems: particularly to the ais( tod 
22d in Mr. Simpioris Treatise an jMnnuitieSf and 
the 26th, 27 th, 32d, 33d, and 40tb problems in 
his Select Exercises ; and to all other problems 
•f the same kind in other writers. Tnere can 
VOL. I. A A bt 
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be no great occasion for being more explicit. It 
will not, however, be amiss to add the following 

1 . 
demonstration. is the present probability 

that a life whose complement is n will fail in any 

one assignable year of its duration. S X h — 

+ -^, &c. (n), or the present value of £} per an- 

s 

nirni for n yeafs, multiplied by -, is the present 

value of the sum or legacy denoted by S, payable 
at the failure of the given life. Therefore, (n be- 
ing 56; the life 30; interest 4 per cent, r = 1.04; 
the sum £25) the value of the expectation^ by 
Mr. De Moivres hypothesis, is 9.9 1 9. 

Further. The value of ^i to be received at the 
end of a year, provided the life whose complemenc 
i« n fails, is the probability of the failure of thrf 
life multiplied by £\ discounted for a year, or 

1 X -• In like manner ; the value of £\ 

n r 

to be received at the end of two years, if the same 



n-2 



life fails in 2 years, is 1 X -7. And* there- 

fore, the value of all the possible payments of an 
estate or annuity of £\ for ever, to be entered 

■ 111 I Mil aa^g^^ir 

upon after the given life, is 1 — ^^ X - + I — 

n r 

—2^1 , _ 11—3 .^ 1 « / \ t 1 



/•+.- 
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r* + 2 r ' r* ' H ' nr ' nr* ^^ 

— r, &c. that is, the value of the life subtracted 

from the perpetuity; or, in this example, £\4 684, 
(the value of a life at 30) subtracted from 25 ; 
that is, £l0.3\6. But 10.316 is to QQIQ, in 
the same ratio with 104 to 100, or 26 to 25, 
agreeably to the rule in the Scholium («). 

(i) The difference between the vahies of reverNionary sums 
and reversionafy tHaies (which was first pointed obt in thia 
Note) does not depend on the hypothesis of an equal decre- 
ment, but may be as readily demonstrated from the real pro- 
babiUties of life. Supposing a, b^ r, d, e, &c. to represent 
the same quantities as in Note (4), the value of the sum S, 
to be received on the death of A, will be properly expressed 

S a^'b b-'C c~~d 

by the series - x + — r- + ^—r- + Src. = S x 

a T r r* 



^ b c d , ^^.c.^.- 

--h-:r+— : + — :&c.-Sx — +-3 + — T +&c. 
r cr* tir* ar^ ar Q't an 

-S X — ■*"- - A. *= ^''""^ x P - A. (P denoting 

r r - 

the perpetuity, and A the value of an antmity on the life of 
A). — ^But in the case of a an annuity or estate, the value of 
the reversion of ^l per annum after the death of A will be 

ar ar^ ar* rt+i r' + * 

■■ " j + &c. (/ denoting the number of years between the 

age of A and that of the la^t surviving life in the table of 
observations) « The turn of these two series is easily found 
*= P — A- If S represent a sum equal to the perpetuity of 

s£\ per ann, or, in other words, if S be taken = "~r» 't 

will appear that ihe value of the reversion of an estate is to 
the valn^ of the reversion of an equivalent sum as P — A to 

P — A • 

, or as r to 1, agreeable to what hat been observed 

abeve. M. 

A A a * iHoX% 
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Note (F). Quest. XIII. Rige 48. 

fT HEN I here call 48 the mean ^e of all mar- 
ried men^ and 40 the mean age of married wo- 
men, I do not intend to suppose, that there are as 
many married persons who exceed these ages, aa 
there are who fall short of them. It is likely thai the 
latter are more numerous } and it is necessary that 
this should be the case, to render the supposition I 
make just — If all marriages commenced at 33 for 
the man, and 25 for the woman, one half of them 
would be dissolved by the time the men were 50, 
and the women 42 ; for (by the Hypothesis^ and 
also nearly by the Breslaw, Norunch^utidNerthamp* 
ton tables) there is an equal chance for the joint 
continuance of two lives whose ages are 25 and 
33/ seventeen years. Forty- two and fiAy then 
would be properly the mean ages at whidi widows 
hood would commence : meaning by these *' the 
^^ ages on each side of which equal numbers are 
'^ left widows and widowers.** But, though in this 
case half the marriages of eveiy year would be dis* 
solved in 17 years, they would not be all diMolved 
in twice that time. So far would thia be from 
happening, that about a 7 th part would omtinut 
beyond twice 1 7 years ; nor would, it be certain^ 
that they would be all dissolved till near the extre* 
mity of the possible extent of life Though^ there- 
fore, an equal number of marriages would be diss- 
solved, or an equal number of widows and wi^* 
dowers left before 50 and 42 and afterwards^ yet 
the ages of the latter would, one with another^ 
much more exceed 50 and 42, than the ages (^ 
the former (that is, of the widows and widowers left 
be/ore 50 and 42) would fall short of them. And 
the number of marriages also in the world among* 

persons 



persons of greater ages than tbese^ would be much 
lewer than anxmg persons of lesser ajges. — ^In other 
words ; The period^ at which the marriages that 
have been contracted are half dissolved, is not the 
period at which the number of marriages constantlv 
existing is equally divided, but this period falls 
some years sooner ; and the period I have in view 
falls in that part of the interval between these two 
periods, vthixe the greater ages of the marriages 
on one side, are just enough to compensate (in such 
a calculation as that I have given) their deficien- 
cies in number, compared with the number of 
marriages on the other side. 

In short Suppose 36 marriages every year^ 
between persons 33 and 25^. In 12 years there 
would be half as many in the world, as could 
possibly arise from such a number of yearly wed- 
dings. In 17 years, half every set would be ex* 
tinct. The expectation of every marrii^ would be 
1 9 years, by Prob^ 2 1 of Mr. Z)e Mowre^t Treatue jon 
Ammities^oT by the note (K) in the following notes : 
That is, taking them all together, they would exist 
just as long as an equal number of iingle persons^ 
supposed to.be sure of living just IQ years, and no 
more: or, as long as an equal number of single per- 
sons, all A9 years of age, supposed to be subject to 
the common laws of mortality. One with another, 
then, they will be all extinct in 19 years; the 
marriages whiqh continue beyond this term, though 
fewer in number, enjoying among them just as 

^ In tha Pais de faud^ Smtxerlandf the mean age at whicli 
M^omen many, ii.nearly the very age here mentioned : But it is 
fehewn in the SuppUmeni, that the expectation of marriage there 
is nolen than Sd yean and ) } ko mudi higher are the probabi- 
]itiea of life in |he country than in toams, or than ihey ought to 
be according to Mr. De Moivre't H^pothetit' See Supplement^ 
Vol. II. 

2 much 
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inuch more diiratioiii as those that fall short of it 
enjoy less. U'ldoivs, then, at a medium, will 
commence widowhood at 44 (that is, 25 increased 
by 10) years of age, and ividotuers at 52. The 
values, therefore of the lives of the ybmcr, when 
they commence widowhood, will, one with an- 
other, be the same with the value of a life at 44 ; 
or, (reckoning interest at 4 per cent.) 12.5 years 
purchase, in one present payment, (the annuity 
to begin at the end of a year) ; and their expectU" 
lion of life will be 21 years, or half the difference 
between 44 and 86. The value of the lives 
of the latler will be IO.92, and their expectO" 
iion 17 years. — ^The whole number of marriages 
constantly existing, which would result from 35 
supposed to commence annually, would be 1 9 X 35, 
or 665 ; and 53 years (the difiercnce between 33 
and 66) would be the time in which they would 
increase to this number — The chance of survivor- 
ship would be the odds of 69 to 53, by Prob. 1 8th, 
?klr. De Moiire on Annuitits\ that is, in 53 years, 
35 relicts of these marriages would be left every 
year, and the number of widows would be to the 
number o( tvidoicers, as 69 to 53 ; or '19.8 widows 
would be left annually, and 15.2 widowers. The 
maximum of widows in life together, if none mar- 
ried, would be 21 X J 9.8, or 4l6; and they would 
increase to this number in 114 years (or 6I years 
after the number of marriages had arrived at a 
maximiivi) — The maximum of widowers would be 
J5.2X17j or 258; and they would increase to 
this number in ]Q6 years. 

An easy method may be hence deduced of solv- 
ing the question which occasions this note. — If 
the number of the members of the establishment 
I have supposed is 665, and the niean ages at 
which marriage may be deemed to commence are 

6 " 25 
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2$ arid 33, IQ'.B widows will (it has just appeaiibd) 
be left every year ; and the values of their livesj 
when they commence widowhood, will be, onfe 
with another, 12J years purchase. .,An annuity of 
iS20 will, therefore, be worth, to each widow, 
^230, and ig.8 such annuities must be worth 
j?4g50, which, consequently, is the annual in^ 
come necessary for the support of the establish* 
ment, the iirst payment to be received immedi- 
ately : or £7AA.iYQXi\ each of the 665 members ; 
whidi answers nearly to the determination in p. 48. 
In the latter part of Essay 11. Vol. II. it i» 
shewn^ that observations determine the chance of 
survivorship in favour of the wife in marriage, to 
be really so great as 3 to 2 ; and in some circum*^ 
stances greater. It is there observed, that in order 
to account for this from the difference of age be- 
tween men and their wives, this differenoi must 
be at least 12 years, and the mean ages of all who 
marry annually must be supposed to he about 23 
and 35. In this case, 19, as before, will nearly 
be the expeciation gf all marriages. The mean age 
at which widows and widowers will commence such 
will be 42 and 54. The number of annual mar- 
riages necessary to keep up 663 marriages con- 
stantly existing, will be 33. The number of 
widows left annually, by such a number of mar- 
riages, will be 21.; and the values of their lives, 
at the time tliey commence widowhood, will be 
12.85 years purchase by Table VI. Vol. II. 
and, therefore, the whole annual income ne-* 
oessary for the support of the supposed esta- 
blishment, will be i£3397, or an annual payment, 
beginning, immediately, of ^8.11 from each 
member-^The ouniher.of .widows, on such aa 
establishment, will,. : inH 63 years, grow, . if none 
marry, to 462; and the number of widcwers to 224 < 
* . .: Jtt 
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^-»It tmj be depended on, ihit allihid w^uld hap- 
oen as far as Dr. Ifalley*s Table, or the Tables for 
fforwieh and Norihampton^ exhibit tiie true state 
of human mortality. 

Among the ministers and professors te Scot* 
iiAUD, tne n amber of married men being 607, 
or nearly that here mentioned, the iinmber <>f 
annual weddings has, for many years, been at 
an average 80, and the number of windows left 
annually ip^; and^ therefore, the chance ^of sur- 
vivorship ki favour of the wife, as ig.% to 1 1.6^ 
or 5 to 3. This is not more different from the 
results I have given, than might have been 'ex- 
pected ; and the chief reason of the difference is, 
that the expectations of single and joint lives among 
the ministers and their wives in ScorpLAirB are 
greater than those given by Dr. HaUey\ and the 
other tables of observatton.^^These tables give the 
expectations of lives as they are amdi^ the bulk 
of mankind in moderate towns. The apectations 
of lives among the better sort of men, living 
mostly in country villages and parishes, are much 
great'^r. The fact is, that among the ministers in 
Scot land f the expectation of a single life, at the age 
of ^7, is near 4 years greater ; 'ttnd, of Joint Jhres, 
about three years greater, than the aame expecta- 
tions by Dr. Bailey's Table. See the latter end of 
the 2d Essay in tm next volume. 

I cannot help just mentioning another ' remark 
here.^ — It may be observed, that supposing no 
second marriages , and, at the same tiihe, that the 
odds for the woman's surviving in marriage is 3 to 
^, the number of mdotvs in the world woidd be 
double the number of ti^uilpuftfr^. But it faaa been 
found, in fact, that the number of widows is, in 
some situations, fi/e times the nutnber^of widowcfs. 
How this is to be accounted for^ 1 baw shewn in 
the Essay just referred to. Kote 
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Note (G). Question XIV. Pag6 M. 

ET r be ^1 increased by its interest for one 
year ; t the given time or number of years for 
which the assurance is to be made; Oj b^ c, ice. 
the probabilities taken out of ia table of observa- 
tions^ that the person whose age is given shall live 
i^ 2, 3, &c. years ; and V the probability thftt he 

shall live t years. Then -^ + -^ + •p-'j -fcc 

^/ 8tc <o ~ ; + ^ + ^ /to, (/ ~ I) + ^ + 

i^ X ^ + ^ + -^t *e. will be the^ewct value 

of an annuitv to be lentered upon at the failure df 
the given hfe, provided it happetra in t years. 
And the role ia nothmg but this value ^expressed 
in words. In a similar manner m^ >be demonr 
atrated the other role for finding the values of 
assurances for n given time^-on two -joint Uves^ or 
the longest of two lives.* 

* Hiving given a diffisreniand mere conoice role fixr an* 
fweriDg tys qoeMiiNi^ .(8oe iiole> p. 53;) it may not W.iiD« 
proper here to insert tlie deroonitnition of it. — Let a represent 
the oauiber liting in thetable^t Che »ge «s^gned, let A, c, d^^i 
ke. lepreseat the sttne nokoher at'l& ^ki <of 1, 3> 3, 4, ^tew 
jrears ; then will the value of the sum S d^ncling on the 
feilure of the life within the teiro pro posed be ^ S x 
4^§ 6 — c . c--d\ d^e ' S ~ b . 

((). If F denote the valoa of aa annuity of i^l on the givea 
life for one-year less |ban'the term proposed, and B the same 
yaloe for the whole teiUb the preceding series will be s: S x 



,^±5f-B.--Q.E.0.. H. 



Note 
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' Note (H) Qnestioa S\\ R^ 6i. 

JuET r ugmff as before; S the giren mm to be 
assured ; t the giren time ; X acd s the narrber 
of the Irvhig in riie tibie of obsemtioGS, at the 
9ge of B and A oopcctivelv^ A, B, C, 8cc. and 
ff, ^9 c, &c the noniber cf the Strng in the table, 
at the eTid of l^ 2j Z,'hc. veers fircm the ages of 
B 2nd A ; DJ D, D, D, fcc and J/rf, rf, rf, &c. 



■I in : B ui 



ttte decrements of life in die taUe, at the end of 
ly 2, 3, &c years from the same ages. Then, bj 
rcaiC4iiDg in the same maaner «ith Mr. Simpson^ in 
p. 3 1 6, &C. ie/ecZ Exerckes^ it will appear that S X 

"^Ci/ I>/ ■ . . Bd Cd 

&c. (0 + ^. X ^ + ;^, &C. (I). TUs IStht 

exact ansv^'er to Question XV. and the rule is 
a^ near an approshoaf ion to it as there is reason tcf 

desire. , . ^. ' . 

In the fame manner^ retaining all the same sym-. 
bols, it nlay be- found, that the answer to Question 
XVI.is 



r^J ' Dd D + Dx^ D + D + D^rf 
S X — k* ' (*• * ii -I -^ !i li^ 



Dd , Dd Dd 

it), &c. + S X -^^-^ +^^, + ^^^. 
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3dS 



as 



•ff — I'i = ~- y ^^ 4- — ii iii 4- 



NH 



Nr« 






D + D 



D + D+D 



-ii, &c. (iP— l)isthe 



same with the excess of the value of an annuity 
certain (or a, number of years less by one year than 
the given term, above the valoe^ of an annuity ou 
khe life of A, for the "sbme number of years ; from 
\vhenQ6 the reason of the rule f6t giving this 
question, may be easily discovered (Q, . . 



■ « .. 
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C The solation of the 15th question may be deduced ia 
a similar, but rather more accurate, manner from the first 
of the two rules given ill Note (O) ; where the value uf 

the reversion for ^ years is expressed by the two series — t x 



ca , da: 

— + 



// 



.^'/ 



.''/ 



^ ' 2ao r r r* ^ ' 



r r' r* 

If « denote the sum of the decrements of life from the age 

of A for t yean divided by t (which may be called the com* 

I 

plement of A*8 life for the given term)> and Band B^the 

values of an annuity on the life of B for i and t^ I years re- 

S.* 
spcctively, the sum of these two series may be found 



2a 



5( B + 



B + 1 



In like manner, the solution of the l5th Question may 
be derived, from the second of the two rules given in 
Jijote (O) 3 — the series expressing the value of the reversion in 

■" S 



this case being -—• x 1 z vO + 

2ao r r* 



2abr 



_// 



xiZi!£ + !::££+£.... (<-l). Let /S denote the 



eomplemoit 



364 Noiei. 

complement of B*8 life for t yem, A and A the valaai of m 
annuitj oo the li/b of A for ^ and t^ — 1 )rear^ Mad N and 

N the vakiei of an annuity certain lor those respective 
tprms ; then wiH the above tenet be ioond s= A ■ x 



N-A 



M — A + ' . ■■ It it to be obtenred^ wheo the deae- 

r 

mentt of A*t Kfe for / years, in the first of these rules, and the 
decrements of B*s life in the second, are equal, that the eiact 
value of the rerersioo is obtained ; and n the lenn do not 
exceed tO or 13 years, the ^ntees are always so neari/ tme 9m 
sot to require greater accuracy. This also is the case in graeral 
with regard to Dr. Price's roles; against which there can 
be no objection, eioq>tiog the applicauon of Mr. De Mohre*s 
hypothesis in ooo port of -Aem, wjbich it la bart tnttrW^ tp 
«xchi4e from the doctrine of surf ivoiships. i/L 



lifote^ BQi 



Note (I). Page ug. 

Supposing r to signify as in the last notes^ 
and n to be the complement of a given life ; the 
present value of ^1, £2^ ^i, &c. payable at the 
end of 1, 2, 3f &c» years to t years, bu t sub ject to 

failure when the life foils, is ^^ — }• ^-H-^^ — ^• 
f» - » K 3^ j^^ continued to t years ; which express 



IW« 



8ioni8equaltonx~r+ ~-+~r**^(0 



- n X -:;r + -i^ + -;?yr» ««^ (0. 

To find, therefore, the value of an annual pay* 
ment dependent on a given life, to begin with ^ I 
and to increase at the rate of ^1 every year after 
the first, for a given term ; find the val ue of an 
annuity on the given life for the given term ; and 
also the value for the given term of an annuity on 
two joint lives both equal to the given life. The 
difference, between these two values multiplied by 
the complement of the given life, will be the value 
sought— If such a course of pavment, instead of 
beginning at the end of a year, is to begin imme- 
diately, and to be made at the beginning of every 
year till / + ^ {jayments are made in i years ; add 
to the preceding value the value increased by unity 
of an annuity on the given life for I years, found 
by Question VI, and the sum will be the value 
sought. And this value, divided by the present 
value of what may happen to remain of the given 
life after t years, found by the same question, 
will give the annuity to which such a series of in- 
creasmg annual payments, banning immediately, 

will 
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will entitle for the remainder of the given life after 
t years. 

If such a course of payment is to begin at the 
end of a year, and to be continued during life (that 
is, if f = n) it is obvious, that its value will be the 
complement of the life multiplied by the differ- 
ence between the value of the life/and the value 
of two joint lives having the same common age 
with it ; and that if it is not to commence till the 
end of a given number of years, its value will be 
the value for a life so many years (lessened by one) 
older than the given life, nnd multiplied by the 
value of ^l payable at the end of a number of. 
years, and also multiplied by the probability that 
the given life will exist .for the same number of 
years. — Supposing, for instance, the given life 30 
years of age, and such a course of payment to 
begin when it has completed its^ 56th year, the 
value would be the value of a life aged 55, di- 
minished by the value of two joint lives both 55, 
and the remainder multiplied by the complement 
of a life aged 55, and also by the product of the 
probability that a life aged 30 will exist 25 yeaiii, 
into the value of ^1 payable at the end of 25 
years. — ^The value thus computed will, in this case, 
come out ^l 9 nearly, in a single present payment, 
reckoning interest at 4 per cent, and taking the 
probabilities of the duration of life from the North- 
ampton Table of Observations. 

With the assistance of these rules, all that is 
said in p« 148 may be investigated. But more 
particular directions for computing the values of 
annuities of this sort may be found in Mr. Morgans 
Treatise- on Life Annuities and Assurances^ p. 1 JQf 
&c. 
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Note (K). See Essay L Vol. 11. 

X HE sum of the probabilities that any given 
lives will attain to the end of the 1st, 2d, 3d, 
&c. years from the present time to the utmost 
extremity of life (for instance, -}-}. + -} j- + -fl-, &c. 
to Vy = 22 J- for lives of 40, by the hypothesis) may 
be called their expectaiiony or the number of pay- 
ments due to them, as yearly anmiitants. The sum 
of the probabilities that they will attain to the end 
of the 1st, 2d, 3d, &c. half years, (or, in the parti- 
cular case specified, ^^ + .§4 -f- ^ + ^, &c. 
= V half years, or 22^ years) is their expectation 
as half-yearly annuitants. And the sums just men- 
tioned of the probabilities of their attaining to the 
end of the 1st, 2d, 3d, &e. moments (equal in the 
same particular case to 23 years) is properly their 
expectation ofHfe, or their expectation as annuitants 
secured by land. 

Mr. De Moivre has omitted the demonstrations 
or the rules he has given for finding the expecta* 
iions of lives, and only intimated in general, that 
he discovered them by a calculation deduced from 
the method of fluxions. See his Treatise on An^ 
nukies, page 66. It will, perhaps^ be agreeable t(% 
some to see how easily they are deduced \n this 
method, upon the hypothesis of an equal decre- 
ment of life. \ 

Let i stand for a moment of time^ and n the 

complement of any assigned life. .Then 2llf , ^*" ^ .^ 

, &c. will be the present probabilities of its 

continuing to the end of the 1st, 2d, 3d, &c. mo-- 
^nen^s ; and — ^ the probability of its continuing 

t9 



« V 
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to the end of x time. ^5— ^ X ^r will therefore be 

n 

the^uxion of the sum of the probabilities^ or of an 
area representing this sam, whose ordinaies are 

•2-11^, and axis x. — Thejluent of this expression, or 

X — > -r-9 is the sum itself for the time xi and this. 

when ^ = n» becomes ^.n, and gives the exfeciaiiofi 
of the assigned life, or the sum of all the probabili- 
ties just mentioned, for its whole possible duration. 

—-in like manner: since ~[-'^ is the probability 

that two equal joint lives wiH continue x time, ~^i 
X X will be thejluxion of the sum of the probabili- 
ties. Thejbient U « — ^ + ^,^whicb,wlien«s»y 

is -, or the {expectation of two equal joint lives. — 

Again: since 2-^— X — is the probabifity that 

there will be a survivor of two equal joint lives %t 

the end of « time, 2Jlf x — X x will be the 

fluxion of the sum of the probabilities ; and the 

fluenU w ~ ~ ^ is (when x = n) ^n, or the 

expectation of survivorship between two equal fives; 
which, therefore, appears to be equal to the «r- 
pectation of their joint continuance. The expect^ 
tion of two tmefiut/ joint lives, found in the same 

•^y* ** J ~ "ZS"* ^ W ^^^i the complemeni of the 



(«) The expectation of two unequal joint lives is s 



m 
n ^ £ 
^ — ^j — X X, whos^Jfvent (when x o w) is easiijr found = 

i. "" 'ST' M. 

oldest 



The whole expectation of survivorship is ^ — ;^- + 



w» 



oldest life^ and n the complement of the youngest. 

n 
2 

^ (S). And the expectation of survivorship of 

the oldest will be to the expectation of survivorship 

bf the youngest, ^s ^ to j — - + g"- ^t is ieasy 

to lipply this investigation to any number of joint 
livies, and to all cases of survivorship. 

It may be observed^ concerning the first of the 
fluents here given, that it expresses not bnly the 
expectation of a given life for the time x^ and 
therefore its whole expectation when x^ n, bat 
likewise the number of persons alive, to which one 
person added annually to a society, at a given age; 
will increase in x time. — ^Thiis i Suppc^e one 

[^) The Expectation oC sarvivorship due to the oldest life 

is expresfed by the^imon — — X - X *, mrhde ^eni 

fit n 

(wbeo « = 9») '^^-o-' 7be expectatibn of sunritrorship do* 

\o the youngest life for m years i^ the ^ueni of k — 

It fit 

X X • ^xrhich (whisn « = »i) is — -— . Bat this life has a 

further expectation, aftetm/ears, expressed b/ tbe^en^ of 

^T*"* X ^-^^ X i, which (when x rft « - rt) Will bfe 

?» ju m ^ •I'?. Thtoiutodf thesbtwb/tf^ne*, or i^^ 
Will th^ft&te be the whole ekpectatloo of iufviVorship dot 
to ^le youQgesI life. And this expression added to -7^ 
^which has been fotmtt abort to be eqnal td the expecta- 
tion of ittWivonhip diie to tbb ohfcsk lifc) will giVe | - S 

«f ^ fi^r the Whole expcctaficNi of Innrirtvyhip doe to boA 
li^ea^ ' M. 

you t. & B annuitant. 
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annuitant, whose age is 28, (and whose complemeM 
of life,, therefore, is 58, or expectation of life 29) 
to cx)me upon a society every year; the number of 
annuitants alive, deduced from hence, will in x 

years, be ^ - 4^^ or ^^X^; and, there- 
fore, the number of annuitants alive, deduced in 
the same time from p annuitants left annually at 

the same age, will be ^ ' X px. — In like 

manner, the 2d fluent, or — — — + ^# gives the 

number of marriages in being together, that will, 
in X years, grow out of one yearly marriage, be- 
tween persons of equal ages, whose complement of 
life is n. If they are of unequal ages, and the com* 
plement pf the oldest liie is m, and of the youngest 

», this number will be -J^ ^ T — ^+^- And 

• 3nm jtnm ■ 

i( the number of years is required, in which any 
given number of yearly marriages, between men 
and women at given ages, will increase so far as 
tp be io any given proportion to the greatest num- 
ber that can possibly grow out of such marriages, 
this expression must be made equal to the ezpecta' 
Von of the joint lives, or of each marriage, multi- 
plied by the fraction expref^sing the given 'propor- 
tion I and the root of the equ4ion will be the an** 
swer. Thus : it may be found, that one marriage 
jevery year, between persons 33 and 25 years of 
age, would in 10 years ii^reasp to 8.35 ; in 15 
yiears to J 1.38 ; and irt 53 years, to 19, or their 
|;j:eatest possible number ; and, consequently, that 
45 fiuoh yearly marriages wbiild, in 10 years, hv 
f5reaseto292; in ^5,ye4rsto398; and in 5.3 yearsi 

to 665. And if it is enquired in what number 

pf .ytftarsr 35 «fiuch yearly marftages would increiaM 
tfl^ half the number in being together, possilSle to 
. lt ... be 



•* 



be derived frdm them^ the value olix^ih the cubia 




^nm 2 in 

must be found ; which^ in the presept instance^ U 
nearly 12. 

I have^ in some parts of this work, had occasion 
to make such deductions as these. See note (A), 
and note (F) ; and Que3tions IIL pa^ IQ, and 
^11. page 46« 






^ * Umi 
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Note (L). Chapter IV. Page 209. 

J-iET r signify ^l increased by its interest far 
one year. 

V the PERPETUITY. 

n the difference between the ag&of the youngest 
life, and 86 ; or its complement. 

m the complement ot the oldest life. 

V the value (in Table II. Vol. II.) of an an- 
nuity certain for m years. 

And the exact value of any two given joint lives, 
according to the hypothesis of an equal decrement 



V+i 



of life, will be V — — ^— Xn — m — 2V— ix 



i + 2V(x). Example: 



Let 



(») This general rule is taken fronoi Mr. SvwsorCs Doctrine 
of Annuities, and is easily demonstrated by the assistance of 
the Theorems in the 5th^hapter in this volume, page 257. 
The series eipresslng the value of an annuity on two joiut 
livet^ whose complements are n and m, is known to be == 

wi — 1 72 — 1 .wi— 2 n — 2 
X 



m nr 



.wi— 2 n — 2 ,. 1 1 I . 

m nr* ^ r r^ r^ 



' mn r r* r* \ / • —- 



x- + -+~, --- (w). By the Theorems just Mferved 
to, the first of these series may be found ss 



r- 1 

- - - the second =s x - ^ ■ + 

r.'^r ^ 1 mn r — . l]* 

mm -i-mn 1 wi + n r 

' X — = + X — =r „ and the third 

mn r.^r-^l mn r.V—H 

r» -f r mm I 2mr 1 r* + !» 

mn,r -- ll' i»«r* r— 1 mnf* r— if jujir* 

X ^L^^,.— Adding these Afiereat scries together tbeir sum 



Jfo/M. 



a;3 



. Let thetiges be 27 and 38 ; and the rate of in> 
terest 4 per cent. Then n ss 5g,fa i=s 48. Y = 25.- 

P = 



w31 be = 



m •f'W 



n — m 
+ X 



ii =5 V + 1, and 



r — 1 ' iwi r — Tl* «» 

»'* + »• r* -^r . . r 

^■ — :. ' = (since '■ 

mn,r — l) wn.r.*r--li r — 1 

rMvT . r . 2r X -. m + w - 1 ^ V + 1 

n — m-i V+l V-fl.SV V + 1. 2V ., ^ 
X .^=— 4- —II^:^ 1--=. But 



mil 



r -r - 1 



mn.r — 1 



wiw.r.V — 1 



r- 1 

becomes =s V — 
a.£.D. 



is =s Pi therefore the above expression 



n 



X » — m - 4V — 1 X - + 2V. 



If the annuity be payable half-yearlyf and I + r" denote, 

as in the fifth Chapter of this volume, page 238, £\ in- 
creased by its interest for half a year« t he ser ies expressing 

the value of this annuity will be ^ J x — ^ + J X 

r 
««. 1 4- - 



fit — l.n — 1 . , m — 4.11 — -l 
+ J X -^ \ 



otif. 1 -f ~ 



2 



mn. 14-- 
2 



-(2iii). By proceed- 



ing in the same manner as in the foregoing theorem, and . 
putiing H to represent the value of an annuity certain, . 
payable half yearly, for m yearsj the general rule io this case 

may be found = V - X . ^ ^ x iT^^i"- 2V x S.+ 2V. 



n 



m 

ft 



If the annuity be payable quarterly, and 1 + t ^^oote^^l 
increased by its interest for three months, the series will be 

= 4 X 2EL3 + ^ X ^ZL^^ix^^i^ 



mn. 1 + J 
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P as ii.igs. n-*«ii— 2V — ls±.»-i40. n— «— 
WJTT k - + 2V= 50- l7.(J<io= 32.340. And 



V — ^^^ X n — »i — 'iV-l X - + 3V=25- 

n i» 

41- >( 32.340 as 10.748» the value of two joint 
lives wbo^e age$ dre 27 and 2(8. 



+ arc. (4m), and lift Stttfi =a V 2- ^ 



n^tit — ^ — 2V X — + 2V, Q representing the valoe of 

an annuity certain payable quqrterly for m years. — In like 

mannerj if the annuity be payable momently ^ zhd 1 + tt^t;. -r— 

denote £l increased by its interest for a rooment, the general 
rule for determining the Talue of the annuity will be =s V — 



I 



V + 1000, &C. 1 oTr ^ _. ov 

II 1000, &c. m 



V M 

V ^xn— m— 2Vx — + 2y;M representing the 

ii tn 

▼ajue of an annuity certain payable moodently for m years. 

Supposing |he ages of two lives to be 20 and 36 years, the 
value of an annuity at 4 per cent, during their joint conti- 
nuance, and payable either yearl]|r, half yearly, <|uarterly, or 
momently, will, by Mr. JD^ Movote's hypotbosit, be 11.227 
. . .1 1.43/. . .11.565. . .or 11.629. If their ages be S6 and 6l, 
the values will be 7.448.. .7.6/8. . .7.793.- or 7-901. If 
both their ages be 36, the values will be 10.394. . .10.600. .•» 
10.703. . .or 10.808. . .and if both their ages be 6l, the vahiet 
will be 6.144. . .6.374. . .6.517* - -or 6.602. 

By comparing the values of the etjoal joint lives, given 
above, with the values of the tingle lives of the aame ageSf 
computed in the fifth Chapter (p. 243 and 244} , it appears 
ifhat the' differences in the former betweep aunouies payable 
yearly and those which are payable half yearly, quarterly^ or 
inomently, are ^feater tbatf the differences in the tatters and 
therefore that the addition Co be made to an annuity oo the 
longest of two lives, in eenfemience of its being payaUe at 
shorter iotervuli than a jtBr, will be rather less than the addi- 
tion to he fBide on tbia adDoiintj other U^ tbasiD^ef of the joint 
Jhrea of the same ayes. ' M. 

Note 



Notes. 
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Now (M). Chapter III. Page 197. 

IT is plain that the purchaser of A's right, as 
stated in the first of the questions to which this 
note refers, cannot get into possession till the year 
when A and B shall be both dead ; nor then, un- 
less A happens to die last. Now, supposing the 
common complement of life n ; the probability 
that A and fi sliall be both dead at the end of the 

first year, and A die last, is 1 — "" X 1 — — — 



2 2 2n 



n - 1 w- ll* 



In like man- 



2fi ■ 2n* 

ner, the probability that tHey shall be Ao/ A dead at the 
end of the 2d, 3d, &c. years, and that A shall have 

'^ 1 n-3 

2" 

n-3 



died last IS, i-!?^-^ + '"^ 



9.n 



2n 



2n« 



2n 



+ 



w~3 



, ,&c. Thepre^en^ value, therefore, of 

<he 1 St, 2d, 3d, &c. rents of the reversionary estate 

1 n-l n— 1 . n — 1]* ^ n— 2 nj-2 

2r* 2nr* 

n-3| 



1ST 

2r 



«-2|* 1 






2«r 
«-.3 



2nr ' 
n-3 



2iif» 

+ 'TzS-f &<^- Sup. 



2»V» '2H 2/iH 2nH ^ 2itV 

posing r to signify ^1 increased by its interest for 
a year ; and the estate to be ^1 per ann. And 
the sum of these terms continued in infinitum is the 



value required. But — + 



2r 



the perpetuity. And -^;;:;::' + 



+ 

n-l 



2r» • 2r»' 



2/ir 






fi — 2V , »— 3 , 



2«r 
2nr^ 



&c. is haij^ 

. &C. 



i^ 



2w V ^ 

2jiV* * 



2»*r» • 2nr^ 

is half the value of the joint lives, subtracted from 
half the sum of the values of the two singly lives ; 

that*. 
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that is, haff the value of the longest of the two live?, 
A similar demonstration may be applied (o the 
other question (x). 

(a) The purchaser of A*8 rig^t, in the ^d Qaestion, wil) 
gei into possesiiion in that year in which A either survives fi> 
or dit«8 iflet him. The value of his expectai ion In (he 1st 

.„ , /I— I n— I .1 » — 1 
year wilj be =;: —— x 1 + TT X 1 — ' x 

1 — •* = — .... In the 2d, 3d, 4th, &c. years, 

w 2r 2nnr > * . > . j 

his ex pectati on dependih^^ on the same events \$riU be -worth 

1 fr-2^ 1 ir^» 1 n-4l* . 

2r* 2n»r* 2r5 2wwr^ 2rf 2»nr* • ' *^ 

sent value therefore of the 1st, 2d, 3d, &c. rents of the re- 

versionaiy estate is h — - 4- — r + 4c. — 



2r 2r». 2ri ^nnr 



1 



- " ; ■ — r— ^ 4c.— If instead of an estate^ the value 

of a given sum were required, it would, agreeable tp the 
ibregoing de'raonst rations, be expressed in the first case 



S.r- I 



by — T— *— X y -h BB — 2B, au4 in the second case by 
S.r-1 



1 — ; X V — BB (V denoting the perpetuity, B the value 

of an annuity on the life of B, and BB the value of an annuity 
on two joint ' lives whose common age is that of B). The 
latter value therefore according to De Moivre*s hypothesis, 
and in the particular case where the two lives are equal, 

exceeds the former value by -^ X B — BB. Tliat 

, . . r •* ' 

this is likewise true whatever be the decrements of life, or 
th> ages of A and B, may be proved from the two Theorems 
in'*Note (O) : For by the second of these the orems the valu e 

... S Xf^ AF c.P- AP r— 1 . B^^AB 
ofSis = jX^— ^— ^-— ^- ^ , 



Au .u i: .'.' S i8.F-AF c.P-AP r-l.B-AB 
and by the first It IS ss- x — ^^'— — ■ , > -t- -' ■ — j 

from which it appears that the latter reversion exceeds the 

foraier b]f, * — x B — AB, and consequtntly that the dif- 

to ' 

fcrence' between them will be thr same in all cases. M. 

*' '' -' Not^ 



Note {N). Chapter IV. Page 204. 

LJET r be £l increased by its interest for one 
year. 

Let S represent any gifen interval of time, or 
number of years, during which the decrements of 
life in a table of observations continue equal. 

a the number of the living in the table at the 
beginning of the first year of that interval. 

b the number of the living in the table at the 
beginning of the year immediately following the. 
same interval. 

P the value of an annuity certain for S years. . 

p the value of £l due at the end of S years. 

Q the value, in Table VI. in the next vol ume, 
of an annuity for the life of a person whose age 
wants S years of 86. 

N the value, in strict agreement with the given 
table of observations, of an annuity on the life of' 
a person whose age is S years greater than the age 
at which the interval of equal decrements begins. 
Then, 

Q + - X P — Q will be the value, according 

to tlie table of observations, of an annuity for S 
years, on a life of the same age with that at which 
t^e interval of equal decrements begins. And 

Q + ^ X P — Q + pN will be the value of an 

annuity on the whole duration of that life. 

When S represents one year, Q vanishes, and 

the last expression becomes — X ^ + N; which 

is the rule for finding, from the value given of any 
life, the value of a life one year younger (/a). 

In 

(/u*) The value of an annuity payable half-yearfy during 
any life (A), may Imi deduced from the value of the same 
aaouity duriDg a lift (JB), ope year yeonger tban A, with 

* nearly 
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In lik^ manner^ 9upp(!>8tng G to %\gn\(y the ra- 
lue of two given joint lives by any table of ofa^ 

oearlj is mach ease as the values of anDUitiea payable yearly 
afe dedaoed. Let b represent the nuinber of persons Ihring 
in the Table at the age of B« and c, d, e,f, &c. the number 
KriDg at the end of the 1st, 2d« Sd, &e. years from the age 
of B. Let r represent the interest of ^1 for a year, and 

r 5 4- c 

p ss 1 4- — ; then will the valne of the annuity be as --— — -|- 

-^- + — r-r 4- --— - 4- Tv-T- + *c. which may be found = 
1 c IT 2 ^ . d 1 2 r f 

«2- 4- — 4* — > 3rc. From this sef iesj if the age of B be 

ntttj oki, the value of the life annuity will be obtained with 
little difficulty ; and having this, the value of an annuity on 
a lil(B one year younger may be derived fi'om it in the follow- 
ing manner : — Let a denote the number of persons living 
a< th6 age c^ (A), who is one year younger than B; then, 
•kM the series expressing the value of an annuity on the life of 

Q •!» c c c *^ d 

tM latter is fimnd above to be = — ^ J- -r — h — f-r + 

4bp 2*p* 4^ 

Jrc. the sericft eipressing the value of an annuity on the life of 

tM former wiU be = 4- rz — r 4- r + Ac. at --^ — 

4np 2ap * 4ap^ 4ap 

the value of the annuity oti the life of B be ca!led M, the 

vaAoe of the annuity on the life of A will be = —— 4. _. x 
4ap ap* 

JTm. 

From this Theorem a table may be computed of the values 
of annuities pavable half yearly on lives of all ages ; and by 
l^oceeding id the saxxie manner a general Theorem may be ob- 
tained for computing a table of the values of annuities payable 
Mxrterly, But the labour of forming a table of this kind will 
pe rendered unnecessary, if we are possessed of the values pay- 
Mt yearly: for I have found that the differences between 
annuities payable half yearly and yearly are the same, whether 
those values be derived £rom the real probabilities of lif6 ahd 
^ precediog Theorems, or from M. De Mmvre's hvpotbesis, 
and tlie ThecHmis 10 the 5th Chapter in thia vdume.' M.. 

eervations. 



- Notet. sf0 

i 

servations, a the living lit th^ age of cud of tbeiftj, 
c the ItTing. at the age of the other^ and b and d 
the numbers living at the two neit younger age^ 

."^y ^ X 1 + d ^ill be the value of two joint 

b x,d X t ^ 

lives each one year younger than the former* 

The method of caltulatihg the Values of Iiye# 
from any given tables of observations, described at 
the end of the fourth Chapter in this volume^ 
is founded entirely on these Tttfofems; ai^d i 
distinct explanation of them has beep given hf- 
Mr. Morgan^ in the Seccmd Seolion of the Second 
Chapter of his book on the Doctrine of Lifip-Ao* 
nuities and Assurances. 

The expressions Q + - X P— Q, and Q + •j> 

— - It ' ' " 
X P — Q + />N, with their infvestigation^ may le 

found in p. 341, 3d edition of Mr. De Mowre*$ 

Treatise of the Doctrine of dances {y). But it is 

nicesslHTj 



(y) The Solation of this theorem may be dedaoed m a raaoner 
different from thdt of Mr. De M^vre, Let « be the nnm6&f . 
of persons dying annually in s years, while the decrements o# 
life cdutinoe equal, then will the Value of the annuity durinf ' 

this term be =5 —— + — r;r" + "T;?"--** "■S;j^ = r 

ar ar* ar* wr t 



y» ^ y.S \ ' ^ ^f, gj-l gf.3 



IX 



£rst series is s= P, and the second series iss x P — Qss 

. a 



a-'b 



(since a — 6 is ss ««) — x P — Q, and therefore thi 

value of the annuity during the first s years wiU be = O -|» 
- X P — CI ... . The value of the annuity after $ years sop* 

posing tn, n, o, p, q, &c. to denote the mimber of^rson| 

living in the Cable at the end of 4 -f i^ « -f 2j * + 3, Ac 

yeaia 
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Decessary to observe, that the direction which Mr. 
jDe Moivre has given for finding the value of Q 
if wrong. In consequence of calculating agree- 
lily to this direction, he gives the value of a life 
at the age of 42 by Dr. Halleifs table greater than 
the value of the same life by his own hypothesis ; 
whereas, it is evident that the probabilities of 

— + 7— + r-y+&c. =i- X |jN. If this expittision Be 
tddedto the v«lue of the annuity, found above, for the first 
s jears> the whole value will be = Q + - x P — €1 + pN. 
CLE.D. 

, It b necettary to observe that the aeries -. h ■ - » &c. 

aoppoaes the annuity to be payable ytarly, and thereibre that 

— X — +^-^ + — T> &c* expresses the difierence, muUi- 

plied into — , between the values of an annuity certain for 

9 years, and of an annuity pajrable yearly duri^ the coo- 

tinuance of a life whose complement is f.< -The latter of 

these values/ denoted by Q, is given in the 6th Table in the 
next volume. — ^But Mr. De Moivre has deduced the value of Q 

from the fluxional quantity — = — ' ' ■ , , which, ex- 
it, r — 1 Mr*, r — 1 

pressing the value of an annuity secured upon land^ must 

necessarily be always greater than the series —- 1 — ^ h 

&c. ; for the one supposes the annuity to be payable to the 
last moment of existence, while the other makes no allowance 
for that part of the year which* shall have elapsed between its 
commencement and the extinction of the life. This value of Ql 
therefore is improperly appliud to the foregoing Theorem, where 
the value of N, as well us the whole solution, is founded upon 
the principle of the annuity's being payable only at the con- 
chision of each jear, provided the life shall continue so long. 

2 living 
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living after 42, being all along less in Dr. Haller/^ 
table than in the hypothesis, the value of the life 
must be also less.— »The mathematical reader may 
easily satisfy himself, that the value of Q ought 
to be taken, as I have directed, from Table VI. 
in the next volume. 

I cannot help adding here, that though the rules 
for finding, from the value given of any single or 
joint lives, the value of any single or joint lives one 
year younger, are an obvious corollary from th^ 
two expressions just mentioned, yet it is probable 
that Mr. De Moivre did not attend to them, or 
consider the facility which they give to calcula* 
tions of this kind ; for if he had, he would not 
probably have insisted so much as he has on his 
hypothesis of an equal decrement of life ; much 
less would he, in order to obtain an easy method 
of calculation, have had recourse to that Second 
Hypothesis, which, in the fourth Chapter in this 
volume, has been shewn to be so veiy erroneous. 

Mr. Simpson is, I believe, the first who has 
given these rules, in his Treatise on the Doctrine 
of Ajinuities and Reversions; but in his SJeci 
Exercises f p- 275| he has given a rule for ap- 
proximating to the values of single lives, accord- 
ing to Dr. Halleifs table, which must not be de- 
pended Qni for X have found it half a year's pur- 
chase, an^ sometimes three-quarters of a year's 
purchase, wrong. 



» » 
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Note (O). 

4N a note at the conclusion of th^ 3d Chapter *^ 
Dr. Price refers to the end of this volume for more 
jiccurata solutions of hi$ JUhand 12th Questions^ 
which had been investigated by myself, and pub- 
lished in the 78th vol. of the Philosophical Trans- 
actions. — With the yie)y of fulfilling his intentions 
in this respect^ I shall here, in an abridged manner^ 
ipsert the solotions to which he refers. 

Solution o? Question XL Page 40. Let a 
f^present the number of persons living in the Ta- 
]ble at the age of A, the ypunger of the two lives, 
t;^, cfy a'^y &c. the aecrement? pf life at the end of 
the 1st, 2df 3d, &c. years fron^ the age of A ; i 
the number pf persons living at the age of B, the 
older of the two lives, and c, rf, e,yj &c. the num- 
ber of persons living at the end of the 1st, 2d, 3d^ 
&c. years from the age of B. Then will the value 
of S (the given 6um)> depending on the conun- 

geiasy of B's surviving A, be expressed by ^ X 
7-+Tr + -VT+&c.+ ^^X-+-p-+^+&c. 



/8f.F-AF-c.P-AP 



«g:X- "i''^^+r.^l.B-AB;F 

denoting a life one year younger, and P a life one 
year older than B ; AF, AP, AB, the values of 
the joint lives of A and F, A and P, and A and 
B ; and (3 the number of persons living in the 

Table at the age of F. But ^ is = i±^ and ?= 
B ~ •^- Hence if V represent the perpetuity, 

• Page 199. 

the 



^Qtei. 



S8» 



the above expression may be found equal to - x 

. ■ <• 

cT^ AP , r — 1 V — AB AAF ^^ . , 

— ^ 1 y-. Haviiig now the 

value of the given sum payable on the contingency 
of B's surviving A, the value of the same sum pay* 
able on the contingency of A's surviving B is 
easily obtained ; by subtracting the value fo\»nd 
above from the whole value of the Reversion 9itet 
the extinction of the joint lives of A and B. 

Solution of Question XI|. page 43. J^t^in- 
ing the same symbols as in the preceding solijitioqi 

the value of the sum S will in this case be s= -^ X- 

-r- + — ri- + -H- + **^- + ,1; X -T^ 



+ -^ + ^ + &C. = - X 



/8r.F-AF-F.P-AP 



stituting 



— r — 1 . B — AB* pr, wohh^ 
-— for -^ and B r- r-for-r- = -tt X 



br 



vz 



fiAF 

7 



When 



the value of the reversion is required^ depending 
on the contingency of A*s having di^ after Bi jthe 
foregoing value is to be subtracted fropi the wbol^ 
value of the Reversion after the extinction of boti^ 
lives. M. 



• % 
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Note (P.) 

SECTION I. 

IN the same note to which Dr. Price refers* 
for more accurate solutions of his 11th and J 2th 
questions (and which have been given in the pre-*- 
ceding pages), a further reference is made to tlie 
end of this volume, for rules which ^ve in all 
cases correct values of sums payable on any sur^ 
vivorships between any three lives. These rules 
have been deduced by myself; and when the above 
note was written, it was my intention to have sub- 
mitted the whole of them to Dr. Pricey in order 
that he might use his own discretion in the man^ 
ner of inserting them. But this is no longer 
possible, and I am induced therefore to give the 
greater part of them in this note. But being 
apprehensive of rendering my additions to this 
invaluable work much too long, I shall only in- 
sert the ruleSf referring the Reader for the demon^ 
strations of them to the 7Qth, 81st, 84th, and 
90th volumes of the Philosophical Transactions. 

Prom the complicated nature of questions in-^ 
volving survivorships between three lives, it be-i 
comes necessary in their solution to have recourse 
to a great variety of symbols. — In order how- 
ever to prevent repetition, the same symbols arc 
uniformly made to denote the same quantities in 
all the following rules, and it may not be impra- 
per to begin with explaining them. 

* Page 199.* 

A- 
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^^enote the valae of an annuity on -the re- 
spective Kves of A, B, and C 

denotes the value of S on the contingency of 
C's surviving A (by Quest. XI. Note O). 

E. denotes the same value on the contingency of 

B's surviving A, found by the same Queii- 
tion. 

F. denotes the value of an annuity on a life one 

year younger than B. 

G. denotes the value of the absolute Reversion of 

S after the death of A (by Quest. X. p. 32.) 
H. denotes the value of an annuity on a life one 

year younger than A. 
K. denotes the same value on a life one ye^t 

younger than C. 
L. denotes the value of an annuity on the longest 

of the three lives A, B, and C. 
M. denotes the value of S, by the first Problem 

in this Note, on the contingency that "A'« 

life shall be ihtjirst that fails. 
N. denotes the value of an annuity on a life one 

year older than A. 
P. denotes the same value on a life one year older 

than B. 
Q. denotes the value of S, by the 8th Problem, 

on the contingency of A or B, being either 

of them ihejirst that fails. 
R. denotes the value of S on the contingency of 

B's dying after A (by Quest. XII. Note O). 
S. denotes the given sum. 
T. denotes the value of an annuity on a life one 

year older than C. 
V. denotes the perpetuity. 
W. denotes the value of S on the contingency of 

Cs dying after A (by Quest. XIL Note O). 
Wof.. I. C c a and 



3&6 Nota. 

s and 4Zf iknxAn tbe tiunber of pereoM IMqg in 
a table of observations at the wfg» of H and 

A. 

p and b^ denote t!he number of persons Hvtng at 
the ages of F and B. 

X and c, denote the number of persons living at 
the ages of K and C. 

5j m, and d^ denote the number of persons fiving at 
(he end of the first year from the respective 
ages of A| B^ and C. 

r, denotes the value of ^l increased by its in- 
terest for a year* 
The combinations of two or three of the several 

letters^ A, B, C, F, H, &c. denote the values of 

annuities on i\\^ joint continuance df two or three 

of those respective lives. 



PROBLEM I. 

To determine the value of a given sum, payable 
if A should be the^r^r that fails of the three lives 
A^ B^ and C. 

SOLUTION. 

When B or C are the oldest of the diree lives 
the value of the Reversbn will be s S into — X 



1£^,Z4SL + B^ JI ABK ^ * ^ j^--j^ ^ 



ti» 



;1^XBC>. ABC .- ": ?^^ - ^ 






5 r— '-y 



When 



I 

Wh|jn A is the oldest of the three lives the value 
will be = S into ^ j;? -irtV,^|HFC __ XF+T aP5 

*tfc^ * ' 141 ■ ■■ ■ ■' '■ u ' ■ 



- • > 

When the three lives are i^ual, the value will 

Be = 1 5< ^Hii^^. 

PROBLEM n. 

To ditef mine the value df A fiven sum, payable 
if A shoatd be the HeooK^ that 6ils ot th« tht^e 
lives A, B> and C 

SOLUTION; 

* 

^ When thie ^% ate urtfqutxU ^^^ wltie of the 
Revertion will be = D + £ -^ iM, 

When the ages are equals its vatae l^iH be fcs 

I X ~ X V - scciTSccc. 



PROBLEM m. 

To determine the value of a ^ven sqm^ p8}'ab!e 
on the death of A| if his life should be the la^t 
that fails of the three lives A^ B^ add C 

c c 2 SOLUTION. 



StSB Sfvt€9> 



SOLimOK. 

Hie value of the Reversion in this case will be 

cither G + M - D'hTeT or Hj" J^^ " \ ac- 

cording as the ages of the lives are unequal or 
equal* 

PROBLEM IV. 

To determine the value of a given sum, payable 
on the extinction of the lives of A and B, should 
they be the Jirst that fail of the three lives A, B, 
and C 

SOLUTION. 

Xet S denote the value of S on the contin- 
gency of C*8 surviving B (by Quest. XI. Note 
0)> and the general rule, when the lives are tin- 

equal, will l)e = 2 X |-* X HC - HBC - ^ 



X ^' "^.-^ "^^ + AK^ABK - '^' [;r ' X 



S.* _ tTTTS xttdT^ . S.rf 



AC— ABC— t: X NC-NBC + -^.=- X 

our * 3cr 



rvvo . 5.Ni-NBT 



AT-ABT+tilL^-^. .Jfthethi^ 



lives be equal, the Rule becomes = 



S.r — 1 

3r 



V — 3CC -. 2CCC. 



PROBLEM V. 

To find the value of a given sum, payable on 
the death of A, if his life should be the^f^or 
second that fails of the three lives A, B, and C. 

SOLUTION. 



iVolnr. 



^9^ 



SOLXmON. 

The value of the Reversion, when the livei m 
unequal^ will be == D + E — M. _ 

When the lives are equal, it will be ac —V"- X 



3r 



av - 3CC - CCG. 



PROBLEM VL 

To find the value of a given sum, payable on 
the death of A, should his life be the second or 
third that fails of the three lives A^ B, and C. 



SOLXJTION. 

If the lives be unequal^ the value of the Reversion 
will be = G -* M.~— If the three lives be equal, 

,its value will be = — —• X 2V - 3C ~ CcSI 



PROBLSM VIL 

* 

To find the value of a given turns peyable on 
the death of A, should his life be the Jirst or the 
la$t that fails of the three lives A^ Bj tod C. 

SOLUTION. 

In thi s case th e value of the Reversion will be 

= ^ "■ ^ + ^ 4- ^M,' if the lives be unequal, 
. S T=*i 



and 



Qr 



X 2V — 3C--3CC + 2CCG, if 



the lives be equal. 



PROBLEM 



iVbAo^ 



To determine the value of a given sum^ pfty^ble 
oti' f te ItJeatfr of /^ or B*» shoufa either of themlie 
thejj^{£ that fails of the three Inres A^ Bv a«dG; 

SOLUnONr^ 

Let £r s^ in Prob. IV. denote the value of 
S on the contingency of Cs surviving B, and 
the value of the Reversion^ when C is the oldest 

of! the. three lives, vili be s= S- into. ~ X 
"zT -h oK — ABK — ' ^ ' + 

2.r- I. BC - ABC , m. PC - APC rf_ 



DT- ABt + lliL^^li^ + S, ,— ]^t if4 «e 

*_ ^ ^.HP-HFC HB-HB(5 ^.AF-AFC 
lives be e^t/a/^ the value will be =s -~ — - x 

v-ccc. - - 

'^J^Fis^WLtfe^vaj^c x>f % gi\^n.^uav{»^nWo. 
on the death of A or B, should either of thejor^ bji^ 
the jtfconrf that fails of the three liVfeS Vl, fe/and c/ 



»• - • « 



SOLUTION. 



SQUJTKttt. 

When the lives ape of unequal agts, the yakn^of 

• - - 

the Revecsioa will faes Sr-i.y-^ ^^^^.^ 

T 

20 (2 denoting the same vabe as itt ftdy. IV. 

am VIH.> When: the agw of the » Ihres^ are eyimti 

the value wittbe.fe 25:|*l^x V-a€&^ 

« 

PROBLEM X. 

To find the value of agivaa suiNk payable pn 
the decease o( B-or C^ shouldeither of them be the 
last that &tls o^ the tiux^ lives A, B; aod C. 

SOIiOnON; 

Hie value of the Reversion> wheo the Kves are. 

«ne^/, will be = 5~i x BC-ABC+R4- 
W — M>. and wbea-ti».Uirei ace all eqttal, it wil^ 

U=25:^xvri: 

PROBLEM XL 

To determine the value of a given sum, payable 
on the contingency of Cs surviving B, provided 
the life of A shall be then extinct. 



soumoN. 
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SOLUTION. 

ft^en either B or C are the oldest of the three lives, 

* 

the vdue of the given sum will be = S into -*- x 

' ■ 

0: FK - FKC __ jjK - ABK +=^ X . FC ^ AFC 

-^;1 -X BC - ABC - _«- X PC'-iTAPC + 



«. PT— AFT 



^XBT-ABT-'^^ 

. When A is the oldest of the three lives, the value 

willbe = s - ?•• X ^^^^^^T^^^~ 
^ X HC - HBC - ^.XAC-ABC+ ^ 

X NC-NBC + ± x^^+ '-^7^^ 

(£ denoting the sarte value as in Prob. IV. VIII. 
and IX.) --r- When the three lives are e^fttal, the 

value of the Reversion .will be = 



S. r- 1 



V - 3CC - 2CCC. 



ft 

SECTION. 



i^ 
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SECTION II. 

J. HE remaining problems involve a contingency 
which makes it extremely difficult to give an 
exact solution of them. , By the assistance, how. 
ever, of the tables inserted at the end of this Note 
the difficulty may in a great measure be sur- 
mounted ; but it is to be obsened that the rule* 
are unavoidably rendered more complicated, and 
therefore, in addition to the symbols already used, 
it has become necessarj- to have recourse to the 
following. ■ ■ 

X, y, and z, denote the differences between the rj^- 

spective ages of A, B and C, and of thg bideif 

person in the Table of Obser\'ations. ' ' 
^, the number of persons living at the &ge of A 

at the end of x, y, or z years, according as 

A, B or C is the oldest life in the Problem, 
p, the lilce number at the age of B. 
y, the like number at the age' of C. ' 

S, the probability (by Table II. at the end of this 

Note) that A dies after C. 
t, the probability (by the same Table) that C dies 

after B. 
\, the probability (by Table I. at the end of this 

Note) that C survives B. 
P, the probability (by Table II.) that C die* 

after A. 
2, the probability (by the same Table) that B dies 

after C. 
TTt the probability (by the same Table) that B dies 

afler A. ■ .- '■ 

f, the probability (by Table I.) that B survives A. 
A', A", AB^, ACl% &c. B-, B', BC% &c. C", 



' O, CA)*, &c, the values of annuities on the 

single or joint liv^ fox ^> y^ z years. 
1 I I I I « ' 
As A», B', B^, C», C^ &c. the values of ^n^ 

poitiM on single \wAp ^ y, or s ye^A oldur 
iban A, B, G^ &c. 

•^^ ^ ^4 the varue of ^1 at the eniotx^yj^ or 

' SI yeasts 



PROBLEM XIL 

To £n.d the value of au annuity on the life of C 
aftor Aj on the patrticular* condition that A^ fiib 
when it fails stiall fail d^ore the life of B. 

sojjmoN. 

V € be the otdest of the three liver, the- value 
will be = -~5*— + ——5 • W-^ be ihei oldest j 

the value will be = ^^ + 9. C^T^ - 

^^i^A^: If JB be the olikst, the vahici will be =» 

2LlL^^ + ,.eZ^+?2l^. And' if the 

c— ccc 

Iferee lived beequal^ the value will be a 



PROBLEM XIII. 

Tor dfeternwne the value of an anntiitjf cN^n^ 
tl^ life, of C after A^ provided A shovlA^skrvite B. 



soumoN. 



Nofit. 



W 



SOLIMON. 
Tlie valup when C is ihp oldest of the three Hvei 

G - a6 BC - ABC , A . I ' 

— g— -. — ^i whjin A ts tlm 



Mfill be sx 



o/(^.itwil|l»e=G^ 

A€ -r.ABC 



+ <p. c-c -^ 



; when B is the oldest = C «- AC ^ 



C - AC|» BC - ABC 



— AT. C — • O, and when 



2 2 

the Mr^e lives are equal> the value will be ss 
c - 2. CC + CCC 



PROBLEM XIV. 

To determine the value of a given sum payaUb 
on^ tlia.death: of A and. Q provided B should sw^ 
vive one life in particular (A) • 



SOLUTION. 

JM the value of an annuity of ^1 depen^uu^ 
op. the coptingency in Problem XI L be denoted 
by-Y; and the value required, when the ages am 

u»Cfuaf, will h^ = E - -^ X Y.— But if tl|ft 

C 1 

ages be eftxal, the value will be = ■ ' ^ "" ' X 



V - cc ^c ^cca 



PBOBLEM XV. 

To find the value of a. given sum payable on 
th^ deathctf A and C, should B die before one life 
in particular (A). 

SOLUTION. 



SfiO Not€i^ 



SOLUTION. 

Let the value of an annuity of ^1 depending 
on the contingency in Problem XIIL be denoted 
by Z, let the value of the gwtn sum after the 
death of A and B, provided 6 should die before A 
(found by the 2d Question in Note O) be repre. 
•ented b y X » then will the value required be ae 

Z — — ^ X X if the ages of the three lives be 



zr 



unequal, or = ^ X V— Lifthcagesbceyttfli 



PROBLEM XVI. 

To find the value of a given sum payable on 
the decease of B and C, should their lives be the 
last that shall M of the three liv'es A^ B, and C 

SOLUTION. 

rB and C are both of them older than A, and 
of them nearly vf the same age, the value re- 

• J Ml k c • 4 ^- ^ v., V— ABC B-f C 
Quu'eQ will be = S into X — 5 ttt; — 

+ BC - ^+ ^ + ,^ X 7 + AP-?^-5^ + 



X 1 _ AT - 



BT-ABT *m. 1 + API" 



2cr 3 3* 



— 3i X BK - ABK + — 4 - ; But 

If the age of Bmueh exceeds that^f C the general 
role will be more accurately expressed by S into 

■^r r 3; X -^ BK — ABK. 



JSTotSs. 



3tp7 



'$. FC - AFC , m ^^ 4^. PT - AP C PC- APC 



3* 



Qbr 



Qc 



' acr ^ 3 



+ T' -ATI" + 



B + C»— AB + ACV 



+ 



• y •T" ^ 



XV^C;. If 



2r • ^y + I 

A be the oldest of the three lives^ the general 

5C1'- C» 



rule will be S into - 



-I V -L 

3r 



+ 



r-1. V-hB*4-AB-f AC . » y "''^^^4- K*" — BK)** 
2r ' 2c 3a "* 



•^J^ + S X HB + i^^^^^ + Az X 



3 



3ar 



NC-NBG + ~- X T*-Br* + 

AT- A Br 



Qs. I -f NBT 



3c 



+ ^^S77^XV-0' + ^+fx 



y>. r —.1 



X V - B'. 



will be simply \^ ■■ X V — L, 



And if the three lives be equal y it 

r — 
'37 



y * 



PROBLEM XVn. 

To find the value of a given sum payable on 
the death of C, provided A should be the first, 
B the second, and C the third that shall fail of 
the three lives A, B, and C. 



SOLUTION. 



When C is the oldest of the three lives ^ the 
value of the given sum will be S into >- X 



/5. FK - AFK 



m 



- BK - ABK. + 1^:±^^^ + ^ 



— .<► • 



1.7 



Bis the oldest of the three Jives, t}>e vakie will be 

* . . ♦• — I. BC - ABC , « \^ P. FK - APK. 
S into ^^ + g^ X J 



In ■ 



III . . a. FT - APT 



£K~ ABK W- ^ X ■ ~ '^ ^ PC-^APC— 

m,FC — AFC , O-AC)' , j1 y J^J-^^^ _ 

1* - ATh 4- -~rT- X V - C;-.— /f%en A 
is the oldest f and B the youngest of the three lives^ 

the general rule becomes S into — '■ — g f- 

ffi3» - AC + C u ^ tow- I AK - ABK -. i/ ^ 

?: tr -kBK+ 3 +2^ X 

^^ 3^"^ + 1 + T - BT + Btl' + ^^ X 



NC-NBC + ^-L±JM+^ X HC-HBC4. 



HBK 



+ -S^f^ X tz:^, B^xt when 

91 it the oldest, and C the ymhgest of the three 

HBpm, it becomes S into — "^ x V— aC— ABG 



, r-l.BC-AC _ » v ^^- APC I «^4FC , • 



«. HB - HBC 



+ HC + ^ XlSlB~NBC+""+,^''^ 



8 ' ^ 6ar x/vj.-j- ^ 



ji^ X 1 + PC + + ^ 4. £. 5^ 



6 



crJt + 1 5Zcii+T • —'Ana 



• when 



'Vlien*tAe tkfJBB Hvti are equflt, tfari^Alit^Mite IV 
ndttOMto -j^ . 



PROBLEM XVm. 

To d^tmnlne the value of a given sura payable 
on the death ^ A or B, should eit*her of them be 
the Jir4t or >^xhrd ^at iails of Ihe three lives 
A^ fiy and 0» » 

SOLUTION, 

The vdue df this reversion hi hH cases ia — ll 



X V - AB. 



PROBLEM XIX. 

To determine die value of a given sum payable 
on the decease of A or B, should either of them 
be the second or third that shall fail of the three 
A^ B^ and C. 

SOLUTION. 

The value of this reversion when A and B at9 
older t/ian Q and both of them nearly of the 



r- 1 



same age, will be S into X V + ABC — 

^^^l^+^-AB- ^XAK + BK-2ABK 

But if B be considerably the oldest of the three livei^ 
the value will be S into '-^ X V + ABC — 

A'+B-fBO 



400 KofeB. 



A'+g+Bg_^ ^_AB-^ X AKV+BK-2BK 

3 -T^^— ^ T^T^ . »« . — TtS . ^- PT— APT 

+ ^XAF-AFC + J5;XH-AP+ ^ 

^. ^.^ X ^-^v^av ^ ^jj, ^ ^,^ ^^^ ^^^^^ ^^ 

the three lives, the value of the reversion will 



.„ , d.^vD'-AFC , *.hbV-hbc s ^ 

" g^ "^ ^ ~^ ^ 

; , .-V . , m ^TT+NTC 1-f PC , p.A».r-l.V-B; 

i+^C+-^x-r^ 2-+ ^^T 

If the three lives be eytta// the value will be = 



S.r- 1 



X V ^ C ^ CC + CCC. 



PROBLEM XX. 

To determine the value of a given sum after tlie 
decease of A or B, should either of them be the 
Jlrst or last that shall fail of the three lives A, B, 
and C. 

SOLUTION. 

If B be the oldest of the three, lives, the 
value of the given sum will be S into ^"" ^ 

X V-ABC- ^^ - ^t «c ^ ^b'^ 



j8. A F>- Are 

"2i 



o 



« 



iVdir^. 



461 



fi. A? - AFC 



¥ ' • m 



it I .« -- 



m 



^ +ixAiD'+BK-.ABK+JX 



^.TTaFv 






■jr 



- A+ AP + ij X r^ lV-t-'A).-^ 



I > 



) I 



If C be the oldest of th^' tkree' lives/ 'f^t value- 



r-l 



will be S into '--- X V - ABC - ^ A' + B' - 



26 2a ^ Ar -^ . 2. 

jr. l+NPC AC + BC , .„ , s '^ \ , x>^ , 

X 



».r-l 



or 



^X V-A.- + 



^P*"-' V V — R'- J. P* 






r— 1 



^ X V ^ Ar + Bl; - ^-^, X AE»'r^-And 

• S r — 1 

if the three lives be egual.the value will be -r^ 

■^___ ^:. • -i- r, • 

X V-C + CC-CCC. . 



PROBLEM XXI. 






To find the yakie of a given sum payable on 
the death of A, should his life be the^r^^ or 
^ecvnd that fails, and should B's life, if it fails, 
become extinct before the life of C. 

SOLUTION. 

The Value required in this Problem is no more 
than " the value of a given sum on the death: 
*^ of A, should C survive him," and therefore is 
obtained by the Solution of the first Question in 
Note O. 



▼oj^.t 



Di> 



PROBLEM 
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rROBUEM XXIL 

To determine the value of a given sum payable 
on the death of A, should his life be the second 
or third that fails, and should B's life when it 
fails become extinct before the life of C. 

SOLUTION. 
Wb$n B is the oldest qf the three lives, the 
value of the reversion will be = S into — ^ - X 

^^ , /Sk.AFK 



aV - 3A' - ABC - J + BK- ABK+ ^ 



FC_AFC + 3AF - ^ X BT-ABT- i X 

OCT *C 



AC'-AB . "TV 'tr-l.V-Af 



When C is the oldest of the three lives, the value 



r— 1 



will be = S into ^^ X aV-3A'- ABC^ - X 
BK ~ AB K + £ + AFK+^ X PC~AFC- 

l{. 1 + APT d _ ^=; TxTtf, , (• ..^57=7 



2^ ^ '^ «*-.tx«A T^ 



AFC 



+ 3AF1--^ X AK + ^^2:i^' + '*'-^V-^-. 
When A w /Ae oWe^^, the value will be = S 
into^X 2V-3A-ABC - ^ x AK - ABK 

- ""3SF- + "57 X HC ^ HBC - -^ X 



AT - ABT + '-^iiiiH _ _£_ X ^'^ - ^°^ 



rTNB 




JifiHA 



m» 



J ■ « ■ 

the' vstirt will be ^=^ X *V - 3G-^CCGi 

* Td drterniinife the valilfe of fc |i*feh Stttta jjSjwble 
xm thetkiath of At shontd his life h^ ^ej^it oi- 
^»{ that shall fail of the th'ffee li\^'r''arWl<^h)»'tlld 
B's life, if it fail, become extinct before the lif^ 
of C. 

soiiunoN. 

If B ^e the bldeilof'lhi three Ifvitfi th^VAlfle 
tnll be Sinto -^ X V-*A'-Atit+ ^ ^ 



4- -^ X T+AFI'-u ^ K 1 + AT+ix^AB* 



«<« 



Ae Mtf o/flfe^^, the value becomes S inta 
V-A--ABC+^~fl+,l^,xT+:siT- 



r-1 



I ■■ l< 



2 2i 



JB» 



Sci* 



X 1 + AT + BT-ABT-^ X AFT + 



iie 



•«Bi* 



X A¥\- + FC - AFC + '^'."^ ""^^.j "" ^l — 
If A £c fAd oWe^^ it becomes S into ^~'- X 
V— A — ABC + -T -— H — — 

'2 2r ' 2fl ' 2c . 



t fc 



^ X AT-ABT + ^ X 1 + NC- NBC - 



DOa 
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Nofa. 






X i+NBT:- 



-And if the three iwes be 



equal, it becomes = ^i-— -X V-C+CX;-CCC 



PROBLEM XXIV. 

To determine the value of a given aom payable 
•n the death of A, B, and C, provided C shall die 
mfier one life in particular (A). 

SOLUTION. 
The value of the reversion in this case, when 
Bis the oldest of the three lives^ will be S into 



2r 



X BC^B-ABC+^ _ :^ + £ X i-AP- 



d. 1 + APT 



ABK + W.— When 



c 2c 

is the oldest of the three lives, the value will be 
Sinto^ X BC-B-ABC + ^ - ~+^ 



/y.r— l.V — B. 



~XBK-ABK+W 
•When A is the oldest 



r— 1 
2r 



of the three lives, the value will be = S into 

X V-B-2C+2BC-h AC-ABC + ^^^^ ^^ 
^>: HB+HC-HBC^ ~ XBK1'+ AK-ABK 



2c 



,r _t 



When the three lives are of equal age, the value 
will U = LgJ X V-3C+3CC-CCC,that is 

"half 
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** half the reversion after the extinction of the 
three lives.** 

In the further pursuit of these enquiries I have 
discovered a simple method of approximating to 
the values in the preceding Problems; but it 
would be improper to enter more fully into the 
subject at present. I shall only observe here^ 
that the solutions of those cases which involve 
three lives, and even those which involve two 
lives in the survivorship, being formerly deduced 
from an erroneous hypothesis, it was impossible 
to determine how far any approximations could 
be depended upon. By the assistance of the 
foregoing rules which have been derived from the 
real probabilities of life, and which I believe ex- 
haust the subject in regard to three lives, this 
point may now be ascertained; though perhaps 
it may not often be adviseable to have recourse 
to approxtmationSf when the exact values can be 
obtained with so little additional trouble. 

The following Tables are inserted, as being 
• necessary to the solution of the Problems in this 
Section. The demonstrations of the rules by 
which they have been computed may be seen in 
the 79th and 84th volumes of the Philesophical 
Transactions. M. 



TABLE 
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Tabl€$. 



TABLE L 

Skewing ^ pf»babi}itiQS of auryivorBhip bc9HM9 too 
' persons. g£ all ages, wbos^ cooMiioa dimreofio of a^ 10 

not less than ten years,, coQ)piUed from the Noithr 

anipton Table of Obiervations. 



-I r- 



»■ » III 



Ten jea^s.difflprence. 



A«c«. 



11— 1 
W~ 2 



13— 5»48«3 



14r- 
15— 
16— 
17— 



20—10 

22—12 

23^13 
24-^14 
25—15 
26—16 

^3—18 

29—19 
30—20 

31— 2K| 
32—22 
33—23 
34—24 

35—25 
36— 2^ 
37-^-^7 
38—28 

3.9— 2p 
40—30 



8^19li.5S09 



Probabilities. 



.5859.41 H 



.5136 



.4593 
,4470 

.4343 

.4253 



.4864 

.5177 
.5402 
.5530 

.5657 
.5747 



.41 60 
.4153 
.4158 
.4168 
.4178 
.4190 
.4202 
.4216 
.4226 
.423g 



.5840 

.5847 
.5842 
.5832 
.5822 
:5840 

.5798 
.57«4 
.5774. 

.5768 



.4234L5766 
.42311.5769 
.4222 .5778 



4209 
.4197 



..'791 
.5S03 



Tweoty } earsdiffrreocelTbirty yean dlf^rence. 



n ip P 



Agfis. 



21— 1 
32— 2 
23— 3 



.41^3.5817 



.4170 



.5830 



.1156.5844 

.414l|.5859 
.4126.5874 

4I10;.5890 
.40<H.55>06 



24r- 4 .3900 
05_ 5 sjeg 

C6— 6 .3640 

27*- 7 

28— 8 

29— 9i-34o2 
30—10.3441 
31—11 .3440 
32*^12,3442 
33—13 .3444, 

4—14 .3447 
35—15.3451 
36—16.3456 
37—17.3458 
38—18.3454, 
39—19 .3444 
40—20.3429 
41—21 .3408 
42—22 .3384 



ProbabJllUeK Afet. 



.5246 
.4433 
.4088 



43—23 ,3359 



47H 
.5566 
.5912 
6100 
.6231 
.6360 



.3548 .6452 

.d484J.65l6 

.6548 

.6559 
.6560 

•6558 
.6556 
£553 
.6549 



41— 31 .4078,.5»>22 



44 — 24 
45 — 25 
46—26 

47-27 
48—28 

49—29 



.333j 
.3309 



.6542 
,6546 
16556 

.6571 
.6592 
.6616 
.6641 
.6665 
.6691 



31— 1 



82— 2:3986j.60M 
•3557^.6443 



33— 3 

34— 4 

35— 5 
3«— 61.2985 



37— 7 

38— 8 

39—9 
40—10 

41'— 11 

4t— 1?! 



43—13.2714 



44— i 4 
45—15 



i^544 46—16.2706.7294 



47—17 
48—18 



49—19.2672 
50—20/2650 



.32831.6717 



.3256 .6744 

.3228 .6772 

.3199 .6801 

jO— 30J.3l70l.68->0 

51— 3l!.3l43i.6857 



42— 32 .4063 .5937 152— 32 .3 1 l6|.6S84 ;62— 32 .2223 



43— 33U04p;.595l 53—33 .30881.6912 163— 331.2181 



51— ?1 
52—22 
53—2? 
54—24 
55—25 
56—2^ 

7—27 
58—28 

59—29 
60— 3^ 
61—31 



PraMiUiUa. 



.4823'.5l7r 



.3286.6714 

.3135L6«6;5 

.7015 



.2863.7117 
.279St.720S 
.275^ »7247 

.2733 j'ier 



.2724 



271^*7282; 



.27 tl 
.'27Q8 



.2701 
^690 



.2621 
.2589 



.7276 



,72«6 

.7289 
.7292 



7299 
•7310 
.7328 
.7350 

.7379 
.7411 



.2556'.7444 
.2522.7478 



.2487 
.2452 
.2416 

.2379 



.7513 
.7548 
.7584 
.7621 



.2341 .7659 
.2302 .7698 
.2263 .7737 
.7777 
.7819 
Te4 




T^ki. 
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Ten yean difiercDce. Twenty jeartdiffierencr rhirty jcari dlflrri 



Age», Prubabillliei, 



M— 34l.<t03ll 
45— 35'.4019 
46—301.4004 
47—37.3988 
48— 38i.3y7 
49— 39I.3954 
iU — iO^Q38 
51 — H'.3y23 
1 .3907 
1 3890 



53^-43 
54 — 14 
55—45 

i6— 4rt 
57—47 
58—48 



.388 
.3853 
.3835 
:381t1 
.3797 
59—49 .3777 
6"0— 501.3756 



.5966 
.598 J 
.5996 
.6012 
6029 
.6046' 
,6062 
.6077 
.6093 
.61 10 
,6119 
i)147 

.6 165 

.61 81' I 
.6303 
.0227 69—49 



61—51 

6a. 

63- 

64—54 

65—55 



67- 



56 

■■i7 

69- 

70— fiOf.3385 
7I-^I'.3338 
73—62,-3290 
73— (i3'.32.;() 
74-^4'J2<)i 
75Mi5'.3 
76— tftf'JU5 
77— O7'jl'>0 
78— e3\30i)0 
79—6!) .3047 
80^70[j0O0 
81—71.2958 
«2— 72'.39I9 
S3— 7 St 2890 
84— 74'.2902 
83—75.9917 
86—76.292. 



6 56—36 



59—39 

fi() — 10 
61 

63—42 
63—43 
6* — }4 

6; 

66—46 

67-^7 



70—50 
71—51 



.3060 

.3032 
.3003 
■997s 
.2913 
.2913 
.2882 
■2849 
.3814 
.2774 
.2733 
.2690 
.2646 
.2601 
,2555 
,2509 
,2461 
!2406" 
.2349 
.2291 
^235 
;21SI 
).213, 



.6270 
,63<'0 
£333 
£366 
.6403 
A■4^2 
.64g3" 
^'5^6 
J6570 
.6615 
£662 
£710 
/>7i4 
.i'796 
.6830 

.6855 86— 66. 
,6sao 87- 
.691U88- 
■6953 89- 
JO1109O- 
.7042 91— 71 
.7081 192—72 

iiioipa— 73.1104,^, 

7<198 94— 74J.0924^. 
70K3 95— 75^.0717!' 
7075 96— 76|.0512: 



79—59.1 
80—60,1 

■61 :; 

■63 

63 

84—64 
85-65 



170:J' 
1673' 
1655^ 
1629: 
]63Sl 
i6u' 
.1623 
1567 
1450 



.6940 
.6y68 
.6997 
.7027 
.7057 
.7087 
.71I8 
.7151 
.7186 
.7226 
.7267 
.7310 
.7354 
.7399 
.7445 
.7491 
.75fi'9 
■7594 
.7651 
.7709 
.7765 

.7869 
.7920 
•7976 
.8041 

.8110 
■SI 77 

'-8343 
■.S39? 
..^^27 
,8,145 
.3!7I 
,8362 
."*356 
,8377 
.H433 
,8550 
.8693 
,8892 
.9076 
■9283 
,9488 



6*^34 

1)5—35 
66—36 
67- 37 
68—38 
69—39 
70 — 10 
71—4: 
78—42 
73—43 



76—46 
■7-4i 
78—48 
79-49 
80—50 
—51 
—52 



86—56 .1 
67- 

88- 

ijo— flo 

91—61 
:92— 63 
;')3— 03 
94-64 
95—65 
96—66 



7862 
■7907 

.7953 
.7999 
.S04& 
.8094 
,8141 
.8190 
.824? 
.8295 
,8347 
,8396 
.8440 
.8485 
.853S 
.8584 
.8639 
.8696 
.875* 
.8306' 
.8840 
.SfiZO 
.ft896' 
^930 
,8»37 
1035.8975 

.0868' .9 J 32 
JJ754.9246 

.06 18' .938? 

.0493 .9507 

,0368].9633 

.974^ 



.213 
3093 

,2047 
,2001 
H)54 
1906 
1859 
1810 
1758 
1705 
1653 
1604 
1560 
1515 
14S8 
1416' 
1361 
1304 
1246 
1194 
1160 



i.l063 
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T<d^< 



Ttm - y 9U% i UhMmttn 



B7—77 
88— 7« 
89-79 
90—80 

91—81 
92—82 
93-83 

95—85 
96—86' 




Forty yoLTS difTerence. 



Ages. 



41— 
42— 
43— 
44— 
45— 



1 

21 



47— 



3 
4 
5 
6 

7 

8 

49-91 

50—10 
51—11 
5i>— 12 
53—13 
54—14 
55—15 
56—16 



Probabiliiies. 



.4357 
.3398 
.2985 
.26*88 
.2520 
e2353 
.2230 
.2140 
.2086 
.2059 
.2045 
.*.*035 
.2026 
.2018 
.2011 
.2005 



57— 17.199(> 
58—18.1981 
59-.i9.i959 
60—20.1931 
61— 21.1896 



62—2 



68—23.1812 



.1855 



.5643 
.6602 
.7015 
.7312 
7480 
.7647 
.7770 
.7860 
.7914 

.7941 
.7955 
.7965 

.797^ 
.7982 

.7989 
.7995 

.800! 

.8019 
.8041 

.8O69 
.8101- 
.8145 
.8188 



64— 24>1768|.8232 



Fifty years difference. 



SiKty yean diiiWence, 



Ages. 



1 

21 

3 

4 

5 

6 

7 
8 



Probabilities. 



51— 
52— 

53— 
54— 
55— 
56- 

57— 

58- 

59—9 
60—10 

61—11 

62—12 

63—13 

64—14 

65—15 

66—16 

67—17 
68—18 

69—19 
70—20 

71—21 



.3916 

.2887 
.2446 
.2128 
.1948 
.1768 
.1635 



6084 
.7113 
.7554 
.7872 
.8052 
.8232 
.8365 



.1535.8465 



.1474 

.1442 

.1422 

.1406 

.1390 

.1376 

.KJ62 

.1350 

.1330 

.1314!.86.h6 

.12^6J.87l4 

.l'253!.8747 

.12111.8789 
7'J— 22. 11 65 .8835 
73—23.1120.8880 
74— 24|.1075;.8925 



.8526 
.8558 
.8578 
.8594 
.8610 
.8024 
.8638 
.8650 
.8665 



Ages. [Probabilities, 



161— .1 

f>2— 2 

63— 

64— 

er— 

68— 



.3494 .6506 

.2413.7587 
.19^2.8048 
.1619 .8381 
•1428.8572 
.1237J.8763 

.1092'.8908 

.0982'.9018 

€9-- 9.0912'.9088 



3 
4 
5 
6 

7 
8 



70—10 

71—11 
72—12 
73—13 
74—14 
75—15 
76—16 

77—17 
78—18 

79—19 
80—20 

81—21 

82—22 

83—23 



84—241*0556 



.0873,9127 
.0846.9154 

.0825 .9175 



.0805 
.0788 



.0775 ^225 



.0768 

.0759 
.0743 

.0719 
.069 
.0655 
J06 6 

.0581 



.9195 
9212 



.9232 
9241 
9257 
.9281 
•9310 
•9345 
.9o84 

.9419 
.9444 



Forty 



Tablit. 



■(09 



Furly )<atB diB'ereocr. 


Fifly ymradiflerencF. 


Siilv ymti dilprrDCt;, 


Aen. jPrabBbiliiin. 






63— 95'. 1723 


8278 


75— 25j.l035 


89(>8 


85—25 .0532 


9468 


6(>— a/i.iG76 


^324 


?6-26,.0991 


.1009 


86—26.0511 


9*89 


67— SD-lhW 


8a7I 


77— S7I.0950 


90^0 


87—27.0490 


g5iO 


68—28 


.15SI 


8419 


78—38 


0907 


9<y9'S 


88-28 


.0473 


9527 


69-29 


.1532 


.8468 


79— Z9 


086 1 


9139 


89—29 




.9^5% 


70—30 


.14S3 


8517 


SO— 30 


.0815 


I'lSa 


90—31) 


04-13 


9i&7 


71—31 


.1434 


8366 


81—31 


.0770 


9:^30 


»1— 31 


0363 


.9637 


72—32 


.1384 


8616 


82_32 


.0727 


9273 


»2~32 


031O 


.9690 


73—33 


.1335 


.8655 


83-33 


0688 


9312 


03—33 


0848 


9752 


74—34 


.1287 


.8713 


84 — 34 


.06611 


93+0 


94-34 


0194 


980$ 


75-35 


.1912 


.8758 


85—35 


0<p'35 


9365 


95—35 


0140 


.9860 


76-36 


.il.'-9 


3801 


86—36 


0612 


9388 


96-36 


.0095 


.99M 


77-37 


.1156 


M84+ 


87—37 


0591 


9V'9 








73—38 


.1112 


88 SB 


88—38 


0574 


9426 








79—39 


.1064 


Sp36' 


39-39 


0543 


9459 








80—40 


.1021 


8979 


90—40 


0511 


9489 








81—41 


.0968 


9032 


91— n 


0455 


9545 








82—42 


.0919 


9081 


92—42 


0392 


96O8 








S3— 43 


.08,-6 


9124 


9.-J— +3 


0315 


9685 






'1 


84—44 .e846' 


9154 


94 — M 


0247 


9753 






85—45.0818 


yiS2 9^—43 


0180 


9S20 








86— w; .0795 


y2i)5 I96— 46 


0123 


9877 








S7_4.7i.0774 


.9226 














8S— 48.0759 


9241 












t 


89— 49!.0732 


.9268 












|< 


jw— 50.0690 


.9310 














5i_.il .0617 


.y383 














92—52 .0533 


.9467 














93—53 .0*32 


.9568 














94—54 .0342 


.9658 














95—551.0:251 


.9749 














9fi-56 


.ojza 


.9827 















mo 



Tahied. 



Beveaty yeilrt dRIRsretace 



J^ges. 



71—1 



?|Il9*5.8055 



7S^ 



5 
6 



7i 

77—7 
7&— 8 
79— 9 
80—10 
81—11 
82— 1*> 
83—13 
84—14 
85—15 
86— I (S 

87— ir 

88— I g 

89—19 
90—20 

91— 2r 



Pini^bilUifs. 



Eiflity youvdiibrence. 



-I fi 



Agtu 



3i'14«7.851d 

4 ;M 59 .88*41 

.0980 ^020 

.0798 .9202 

.066b .9540 

.0553 .9447 
:048'4 i951< 
.044*4 .953S 
.041?< .958^ 
.0397 .9^03 
.0380 .9620 
.0373.9(528 
.0368 .9632 
.0370 .96*30 
.0373.9627 
.0375 .9625 
036? .9633 
.0345* .9655 
.0309.96\9I 
92— 22i|.026a|.9737 
93— 251.021 0'.9790 
54—240164.9836 
.95— 2 J.0 1 149882 , 
96— 2^.008(8.9920 11 



8r— 

82— 
83— 



9*^i*5J.<W0 ^930 

J*— W:<K)4B.^951 



I 



1 
2 
3 

4 
85— 5 
S6— 6 

87— 7 

88— 8 

89^ 91 
90—10 

PI— I'l 

9«— 1^ 
9S--13 
94*^14 



|ProM>iHtfe9. 



.2495 

.1437 
.K)34 
.07615 
0634 
.04912 
.038*5 



.0304 9^96 • 



.0250 
•021^ 



.01571 
.0125 

.0097 



.7505 
.8563 
.8966 
.9237 

.95O8 
.9^t5 



Ninety jt^an dlflfereno^. 



AgM. 



91— 
9^— 
93— 



FrobabillUM. 



95— 
96— 



1 .1893 [.8^107 
2 ^918 .908f 
3 .055S'.944(f 
411051 2,.968i 
0<*2^.978» 
6{.0 11 51.9885 



.9750 
.9784 



.0186:9814^ 



98*3 

987^ 
.990* 



ii 

I 
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TABLE II. 

jRiewitig the probability of one's life drying after another.* 
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«cn«. 


Twcuij )■"" 


llffcr. 


Thirr 


jntrs 


lilTfT. 


Forty 


mndiffrrencr. 


*r. |Y...^. B,.... 


^ l-o-n^, BLO... 


T^ 


r.,Dnr>'i eukM. 


A^ 


*.-«-. 


«!-. 


Ill 


,3073 '-5858 


1 l|2l.3885.5S4+ 


131 


338.1.4821 


I 


41 


.3908 


.4355' 


^ 


13 


,4664 .513fi 


a 


32.453(>i.443l 


2 


32 


3934.39341 


2 


42 


.3335 


.339*; 


s 


13 


,*962;.4822 


3 


33 i4S03 1.4086 


i 


J3 


.4155|.3555 


3 


43 


.3526 


.2983 


4> 


U 


.5176:.*597 


4 


24.4934 J898 


4 


M 


.4307'.3284 


4 


44 


3S43 


.2686 


5 


15 


.5997U4b*y 


5 


25.5038.3767 


5 


35 


.43821-3133 


5 


4.^ 


.3694 


.3318 


6 


lb 


.5*12' 4347 


6 


26.5I20;.3638 


6 


36 


.+456i-298a 


6 


46 


.3716 


.23il 


7 


17 


.55*1 1-4252 


7 


27.5183|JW6 


7 


37 


.44961.2881 


7 


47 


.3777 


.2228 


a 


IS 


.5559 


.4190 


8 


SB.5233|.348S 


8 


a» 


.45J:) 


,2796 


8 


46 


,3791 


.2138 


d 


191-5586 


.4.159 


9 


29.5337.3450 


9 


39 


.4541 


.3751 


9 


49 


.37^8 


.208* 


la 


30 


.5591 


.*li2 


10 


30|.5232 .3439 


10 


40 


.4532 


.2731 


10 


30 


3772 


.iOiJ 


u 


21 


.5533 


.4157 


u 


3 11.5223 


.3438 


11 


41 


.4516 


.2722 


11 


51 


.3747 


.2043 


12 


92 


,5571 


.41 67 


13 


32.5209 


.3440 


12 


*2 


.4497 


.3716 


12 


52 


3719 


.3033 


13 


23 


,5358 


.4171 


13 


331.5187 


.3449 


1^ 


13 


.4476 


.3712 


13 


53 


.3690 


.302* 


14 


iJ* 


.5544 


.4189 


14 


34.5179 


.3445 


1* 


44- 


.44.53 


■2709 




54. 


3659 


.3016" 


li 


9' 


,1530 


.4201 


15 


551.5162 


.3444) 


15 


4.5 


.4430 


.270b 


15 


o5 


3626 


.2009 


1« 


2b 


.5513 


.4915 


U) 


361.5144. 


.3454 


16 


M 


.4405 


,370* 


16 


56 


3591 


.2003 


17 


27 


.550" 


.4S25 


17 


37-5128 


.3456 


17 


47 


.43811.2699 


17 


57 


3551 


.1994 


]S 


2S 


.54.iX)i,423a 


1» 


381.5117 


.3453 


IS 


48 


.4«6U|.2&88 


18 


58 


3523 


.1975 


i&iiH 


.54S(ii.4£33 !l9 


39:.5J09 


.3442 


19 


49'.4342.26'70 


19 


j9 


3491 


.1936 


20 30 


.54S5'4230 20 


Ul!.5105 


.3427 120 


5iV.4a2SL2648 


30 


Sii 


34.^9 


.1928 


2]|3I 


.5490 '.4221 -21 


41 


.5105 1-3 406j21 


3I.43ia|.26lHi21 


6) 


342a 


.1393 


223C 


.54yS .4209 '321 


*a 


JI07 1-3382122 


53 .429a-25e6i22 


Ii2 


3399 


.1859 


■^3,33 


,5500' .4196" ;23 


ia 


JllO 


.3356;2S 


5a^84(.2553 23 


63 


.32U 


.180D 


Qi3l 


,5515 .41K;1 ,'24 44 


.5110 


3332J34 


54-4368.35I<),34 


64 


3339 


,1765 


S5,35 


.5524.4160 25U51.5112 


.3306J25 


55.4253.2484,35 


6i 


.3307 


.1719 


2(j'3('|.53a.).41J.i,264'jj.5ll2 


J3a0 26!5tf-4235.a449;a6 


66 


327* 


.16'73 


-7.37j.5JlJ.-ll-M),3?47;.5ll3 


.3253'27'57 .4312.2413,27 


67 


..1238 


.1626 


2.S 


3S 


.i553 


.4!.'5 


28 


4S 


.5114 


.3225 


28 


58 


.4199 


-2,176 


2S 


fiS 


3201 


.1578 



ind tht prFcedin; TiiMr thr ttrtaintg i>r biilh Mxr' brcnming Mlinct {| 
jiiiiy, lh» numhuT bcin; tirsi iuiivd la Ihr niliitinnt in tl*B forrKaing 
(may ml be ini|ir>iiici' to udd, thai hnih L.lilr-, though dfducrd Tron 
If lit life Ht NuiihuDptoa, may be kiltly iiint, tvru whtn Ibr *>lu« 
nnuilirs are drrived frum a dilfrr<-nl Fnurtc, u ihr prabii>)illlir9 tMj 
tfij nearly I'lc soioej (lom wbatevrr lable uf oburTaiiun* they «»• 
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Tables. 



Ten yean difference. 



Aff. 



29 
51 

33 
34 



39 



YeaB(eM 



35 45 
3646 
37 47 
*38 

39149 
4050 



4) 



42 53 

4S|53 

44 

45 

46 

47 



55 
56 

57 

48158 



44 



^56'2 

40|.5573 

41.5583 
42 .5592 
.5601 
.5668 
.5613 
.5625 
.0635 
48.5646 
^655 
.5664 
.5669 

541^692 
^701 
^709 
.5708 
^723 
.5729 
.5737 
.5748 
52162 .5762 



51 



49 



5060 
5161 



53 
54 
55 



5<) 



EldMt. 



.4110 
.4094 
.4078 
.*063 
.4ai8 
.4034' 
.4022 



Twenty yean differ. 



Ag««. lYooBfct 



29.49 



30!50 



31 
32 
33 
34 
33 



36 

37 

38 

'S9 



.4003 
A086 
.3968 
A951 
.3934 40 
.3§20 41 
39»4 42 
.388643 
.386'< 44 

.3849 

.3830 

3811 

.3792 



45 
46 

47 
48 



.5115 
.5115 
.5112 
.5108 
.5104 

.5099 
.5092 
.5086 
.5072 
..507 1 
.5051 
60 .5049 
.5038 
.5026 
.5017 
.5007 



51 
52 
53 
54 
55 
56 

57 

58 

59 



EUnt. 




32 

33 
34 
.3029 35 



Thirty years differ. 



AcH. 



29:59 

30'60 
3ll6l 



64 
65 



63',5778 



.5792 
.5811 



3773'49 



.J751 50 
.372551 
.369 • 52 
.3662 53 
. J629 54 
.35915575 
.355 J 
.3.5 1 1 
.3467!.'>8!78 



61 
62 
63 
64 
05 
66 
67 
6s 
6,9U945 .2503 



.3000 36 

.2969 37 

.2939 3S 

.2909 

.2878 40 

.2845 41 

.2810 42 

.2770 43 

.2728 44 

.4995 i.2685 45 

.4982 .2641 

.4967 .2596 

.45)50 .2550 



62 
63 
64 
65 



Yomicctt 



.4179 
.4159 
.4136 
.4112 
.4089 
.4066 
.4037 



66'.4009 



3969.3910 



67 
68 



70 
71 
72 
73 
74 
75 



.S97S 
.3945 



Eldest. 



Forty yeandiffereBce. 



Ag««. 



.'3872 
.3829 
.3785 
.3736 
.3681 
.3617 



46i76 .3544 
47'77i.3465 
487813383 



.2338 29 
229930 
.226031 
.2220132 
.217733 
.2134 34 

.2089 35 
.2043 36 
.199737 
.1950 38 
.1902 39 
.1854 
.1805 
.1753 

.1699 
.1647 
.1.598 
.1553 



»• fv' 



70i.49()7 .2455 
71;.4885 .2400 
72|.4860'.2342 
731.4830 .2284J 
74;.4793 .2227 



>rvl 



56|66<^830 
5716? .5848 
58^8^5868 ..^-xw, .'^i *^ .--^'i 

59!69p5886 .31'::;j!;>o79 .4J.94 



56I76 



.4747 
.4691 

.'^628 
.4561 



49i79'.3308 
50l80!.3207 

51 8l|.3l05 

52 S2|.2993 

53 831.2864 
84'.2ro6 
S5!.2.'i3() 
S6'.2338 

j7|87.2127 
.2013 iOiSSs'.l 891 

^i947i59i8o'.i657 



69 
70 
71 
7^2 
73 



Vmi 



.150847 



40 
4! 
42 
43 
44 
45 



.3164 
.3122 
.3077 
.3029 
.2977 
741.2921 
75.2858 
76 .2788 



■«• 



77 
78 



4686 



.2175 
.2122 
.2070 



51 

» m 

56 



48 
*9 



.1460 

.1407 
.1351 

.r293 

.1234152 
.1180 
.1143 
.1110 

.1079 
.10*9 
.1025 

.0979 



.2715 
.2637 
791.2559 
80 .2470 
81 .2384 
.2286 
.2174 
.2040 

.1743 
.1576 



82 
83 
84 
85 



87 



Qi* 



88 
89 



5090 
5191 

92 
53|93 

54|94 
55:95 



.1393 
.1214 
.1032 
0865 
.0691 
.0520 
.0324 
.0126 



.1528 

.1479 
.1430 

.1380 

.1381 

.1282 

.1237 

.1194 

.1150 

.1106 

.1057 

.1014 

.0960 

.0910 

•0865 

.0834 

.OSOS 

.0776 

.0751 

.0731 

.0700 

.0649 

.0569 

.0476 

.0363 

.0252 

.0126 
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Ten yean difference. pTwenty yean differ. iTMrtyyeandiffereflce. 



BMffM. 



.3377 
.3330 



.3281 62 



Afti. 



b'o 
61 



S292 
t3 93 



.3236 
.3193 
.3159 
.3133 
.3106 
.3075 
.3030 
.2931 
.2936 
.2893 
.2860 
.2866 
.2871 
.2868 

.2869 
.2899 
.2907 
.2864 

.2422 
•2072 
.1546 
.0827 



63 
64 
63 
6^ 

67 
6b 

69 
70 

71 

72 

73 

74 

75 



80 
81 
82 
83 
84 
S5 
86 

87 
88 

89 
90 

91 
92 
93 
94 
95 



IBgMlj BUmL 



.4421 
.4332 
.4175 
.4103 
.3935 

.3737 

.3512 

.3256 

.2956 

.265 1 

.2338 

.2032 

.1695 

.1335 

.0878 

.0361 



Apa. pTMagcMl BUML 



.1876 
.1808 
.1740 
.'683 
.1649 
.1626 
.1607 
.1591 
.1586 
.1549 
.1473 
.1338 
.1166 
.0933 
.0682 
.0361 



60 

61 
62 
6;) 
64 
65 



90 
91 
92 
93 
94 



.1424 
.1204 
.0973 
.0740 

.0467 



.0909 
.0801 
.0674 
.0520 
.0364 



95|.0184! .01841 
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■2 
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64 
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74 
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